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@opmysIMpoBka Teopembl 3 moeli 3ameTKH (H. II. Tomabauna, CBo6o_HEIe HHIbMOTeHT- 
HbIe rpynnbl), onyOmuKoBpanHot B JAH, r. 111, Ne 3, 1956 r., HywKgaeTca B yTOUHeHHH. 
A umeHHo, cnpaBefzMBa cyleflyroulas 

Teopema 3. ITycmb B — ceob0dxHax HuAbNOMeHMNAA Nnodepynna céeobodHOt n-cmy- 
Ne€HHO HUAbNOMeNMHOLK epynnor G Kaacca k. 

Tozda ona nopomdaemca cucmemoli anemenmoe b,,  codeprcaujuxca 6 HeKOmopoMm G, 


eS] =k, u AuHeliHO HesaeucuMblx no mod p44 G, ecau paeerncmeéo -—-—|- 
=k—1,sSt, t<s<n—1, 1<t<n—1, eo0s3moxcno auto npus=h, t=, a 


naeleat n+l,—4) 
“A r 
I’ — makcumaneHoe 4UucAo, yOoeAemeopAIOW4ee COOMHOWEeHUTIO ser tas i (oe 
i i 
See dae 
CoorBeTcTBeHHO yTOUHAeTCA MOCTATOUHOe yCJIOBHE BbIBOa, CBA3AHHOTO C STO TeopeMol. 
Ha crp. 528, crpoka 28 caefyeT BCTaBHTD: 


n 
E,MHCTBeHHOe uckmuoyueHHe k = [=| NOvyuaeM AIA ONpeseNeHHA KJIacca HUJIbMOTeHT- 


HOCTH 2G B rpymme G Cc ABYMA CBOOOAHBIMA OOpasytonluMn. 

Ha crp. 528, crpoka 33 cmenyeT BcTaBUTb: 

E,MHCTBeHHOe HUCK JIOYeHHe HMeem mph n=05, 1 =2 B rpynne Gc AByMA CBOOOAHBIMH 
oOpa3yIOWMMM: KOMMYTAHT eG aABIAeTCH CBOOORHOK aGeneBol rpynnol paura 6. 

Ha ctp. 529 crpoxy 35 caehyer wuTaTb 


(Bi, Bi) <{Bit;, ao) By}. 


ABTop OvlarofapuT ToBapuielt, o6paTHBUIMX ero BHUMaHHe Ha yKa3aHHbIe ynlylenua. 


A. I. loasduxa 


T-07040 IlogmucaHo k neyaru 9 VI 1959 rr. Tupax 5100 9x3. S3axazs 1683 
Copmat Oymarn 70X 1084/15. Bym. a. 7,0. Tlew. 1.19,18+ 3 pxnetku, Yu.-n3q. 1. 19,6 


2-a Tunorpadua H3qatrenbctsa Akayemuu HayK CCCP. Mocxsa, ly6unckua nep., 10 
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Horasage Akaygemun nayr CCCP 
1959. Tom 126, Ns 4 


MATEMATHKA 


Bb. B. BOAPCKUIL 


3AMAUA PHMAHA —TWJIbBEPTA JI TOJIOMOP®HOrO BEKTOPA 
(IIpedcmaenexo axademuxom H. H. Bexya 23 II 1959) 


1. 3anaya Pumana—TunpOepta Aa romomopduoro Bektopa cocTouT B 


OTbICKaHHH TOOMOpPHOrO (HIM MepoMOpdHOrO) BeKTOpa 9 = (1, Go,..-, n) 
B IOCcKOH OOacTH D To rpaHHyHOMy ycC.OBUIO 
Re[A(¢)o(4)] =f(t) ua L, (1) 


re A= {d;(t)}— 3aqanHaa MaTpHila-pyHKuua Touku ¢¢€L; L—rpanuua 
o6sactu D; — — 3ayaHHblit eHCTBUTeJIbHbIH BeKTOD. 

Koutyp L 6yfem cuMTaTb ruaiaqkow KpHMBO, OOMazaoulet Hell pepbIBHOH 
KpuBusHoH. MuyokectBo MaTpHuHpix yHKuni A(t) = {azz(t)}, 1<i,k<n, 
HelIpepbIBHBIX 10 Tesmbaepy Ha L u yAOBNeETBOPAIONLUX yCJIOBHIO 


det A(t) £0 (2) 


Bcloly Ha L, OyfeM oO6o3HayaTb yepes 2. Ecnu f(t) HenpepprBHa mo Tenp- 
jepy Ha L, TO sce pelweHHaA 3aqauu (1), HenpeppiBHbie B D+ L (ucksouaa 
BO3MOMKHbIE€ MOJOCbI), HelpepbiBubl 10 Tespygepy B D+ L, Kolb CKOpo BBI- 
nowHeHO ycwospve (2). B ambuHeliuem seerfa OyqeM MpeqnonaraTb, uTO 
A(t) €Q. 

Yepes  6yzem o6o3HauaTb MHOKeCTBO ToomMopdublx B D MmatpHl-cbyHK- 
WMH TOpaAyKa n, HelpepplBHblx no Tempgzepy B D+ L u HeocoOenupix B D--L. 
He orpaHuunBan oOuHOCTH, OyeM CUHTaTb, 4TO TOUKa Z= 0 NpHnadexKuT 
o6smactu D. 

B sto paOoTte Mbl OyfeM Mpeqnouaratb oOsacTb D oguocsasnon. Ilpu 
3TOM TipesiouowKenHH 3agaua (1) usyyanacb H. I]. Bexya (7) merogom cxe- 
Jlesua K 3agaue TumbOepta. Hue MbI NpoBoyuM uccJieqoBaHHe 3ayaun Pu- 
MaHa—TusmbOepTa cormacHo Mviany, mpefoxwenHomy B (*). Tako mogxox 
K 3agaue (1) BLIABIAeT PA OCOOeHHOCTeH MHOKECTBA pellleHHM STON 3aqauH 
wd TlO3BOJIdeT HCCJEQOBaTb BOMpocbl ycTroHuuBoctu. Kpome toro, oH jonyc- 
KaeT OOOOuLeHHe Ha MHOrOcBA3HHI catyual. IIpu uccmeqoBanun rpaHHuHon 3a- 
qauu (1) qocraTouHO OrpaHMyHTbcA CJIyyaeM OMHOPOAHOK 3ayauu (f =0). 

2. Uncso 


2 = x(A) =~ Azarg det A (2) 


Ha3bIBaeTCA HHeCKCOM (CYMMapHbIM HHeKcoM) MaTpHulpl A€ 2. Corsacno pe- 
-3yabTaTam pa6otpt (3) MaTpuiipi-pyakunn A€Q c OAMHAaKOBbIM MHeKCOM x 
oOpa3yioT OTKpbITylo KoMMOHeHTy {2% MHorKecTBa QQ. 

Kaaccnukallua BO3MO%KHbIX THNOB TpaHHuHbIxX 3agau (1) MpoBosuTca Ha 


ocHope CJieyloulero olpeyevieHHs: 
Onpexenenne. Marpnunpie tbyHkumu A,(¢) w A(t) us Kaacca Q Oy- 
yleM Ha3bIBaTb 9KBUBAJCHTHBIMM OTHOCHTeAbHO 3agaun PumMa- 


ua —TuambpOepta HW 3allHcblBaTb 


eS Ag ’ 
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ec JIN 


A, (t) = S(t) As (4) 9 (2), 


rye ~ (¢t)—rpanwunoe sHauenue na L marpuup $(z)€ VY u S(t) — yencrBu- 
TeJIbHad MaTpulla. 

Ecnu A, Ap, TO %(A,) =~(A2). Coornoulenve 2 pasOupaer Q* Ha He- 
nepecekaroujwecd Kslaccbl 9KBHBasIeHTHOcTH. TlomHoe onucaHHe HWHBapHaHTOB 
TaKUX KJIaCccOB JaeTcA B Teopeme |. 

B jaupueiimiem BaxxHoe 3HaueHHe HMeeT TIOHATHE 2JIEMeHTapHOM KJICTKH. 
OJeMeHTapHOH KJeTKOM Ha3sbiBaeTCH MATpHa BTOporo NopsAAKa Bua 

(RHA i any te ‘ 

( Oise" O41) - 
Kopoue KuerKy OO6o3Hayaem Tak2Ke uepes (z*t1, 2*) unm (k-+ 1, k); aucno R 
HasbIBaeM UACTHBIM HHAeKcCOM KuseTKH. Uepes A Gyyzem oO6o3HauaTb 
KJlacC KBa3HMarOHuaJIbHbIX MaTPHIL A(t)’ Buna d(f) = {Q;()}, rae Q7 (ft) = 


Pas -+dL Ms, a 
—f% umQ,(t)=(f"*, t). Unena x; na30Bem CBOOORMHEIMU YaCTHB 


MH HHAeKCaMH MAaTPHUb A(f), a vuCMa %; —CBASAHHBIMH yacTHH- 
MU HHAeKCaMH MaTpuHupH A(t). YcnoBumMca POBOpHTb, TO MaTpHILa 
A(t) HOPMMPOBaHa, eclH x, >x IpH i<j Hu B Ciyyae paBeHCTBa BCe 
KJIETKH CTOAT BepeH MarOHaJIbHbIX 9JIEMeHTOB Q;, COOTBETCTBYIOWIUX CBO- 
6OHBIM YaCTHbIM HHAeKCaM. 

Teopema 1. B amwoom Kaacce aKeueaAeEHMHOCMU OMHOCUMEeALHO COOMHO- 
wenusn & cytyecmeyem mampuya d(t)E A. Ecau mampuya )(t) Hopmupoeana, 
moO OHA OnpedenanemcA eOUNCMEEHHoLM OOpa3som. 

VMupimu ciopamu, si06as Matpuua A(t) €Q gonycKaer npeazcTaBmeHnue 


A(th=S(AC)O4), AALHAQHEA, Pe, (3) 


MpHueM, eCJIM abl [Ba TaKMX MpeyctaBseHuA A= S,\y¥, U A= Spdyb. HB 
HHX MATPHIbl Ay H Ag HOPMHPOBAHbl, TO Ay = Ag. 

Jloka3saTembcTBO TeopeMb | COCTOHT B NpescTaBeHuH MaTPUILbI 
A(t) B Bune A(t)= Sd, raeS jelicrBurenbHa up—rpaHuyHoe 3HayeHHe Ma- 
Tpulbl Y(z), MepoMop@xol B D, uw MocuieqoBaTesbHOM MOCTeleHHOM Tlepexoze 
K Buy (3). 

TlocsteqoBaTesbHOcTh Wesbrx uvcen {xz} = {x;(A)} = x, %,..-, (2-4, 5 eo 
+++) %n — YaCTHBIX MHACKCOB MaTPUIbI hk = [A] M3 TpeycTaBsenus (3), IpHyem 
CKOOKM OTBeUaIOT CBAS@HHBIM YaCTHBIM MHJeKCaM (B YaCTHOCTH, BHYTPH CKO- 
Ook Bcerfa x1 =x;-++ 1),— Ha30BeM NOCMeEMOBATEABHOCTbIO YaCT- 
HBIX HHAe€KCOB MaTpUuub A(t) (oTHOCHTebHO 3aqaun (1)) 

Teopema 2. Yacmnole uxdekcet mampuyot A(t)€Q* cesasanot c unde- 
Kcom x mampuyo A (t) dopmyaoti 


n 
+ 

x= Xp 
t=1 


Kuacc 9KBMBaJIeHTHOCTH, KOTOPbIli, corsmacHo Teopeme 1, onmucbiBaeTca 
cucTemon {x;}, Oyqem OOo03HauaTb 4epes ohene 


GHaHHe KJlaCCa SKBUBAJICHTHOCTH, KOTOPOMY TIpHHayexuT MaTpuita A (ft) 
rpaHuyHoro ycwloBHA (1), MO3BONAeT TOMHOCTbIO ONMCaTb CTPyYKTypy MHoxectT- 
Ba pelleHud saqauu (1), u6o Tora petiexue cBoquTcH K mpocTelilmMm 3ajauaM 
C OHOH HeM3BeCTHOM WIM K BeCbMa YacTHOH sayaye c ABYyMA HeuspecT- 
HbIMH (B CJIyuae KeTKH), KOTOpas UCCueAyeTCA S7eMeHTapHO. Hampumep, serko 
BHeTb, UTO MAKCHMAJIbHbI BOSMO?KHDI MOpAXOK HysA rosoMopdHoro pe- 
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WeHHA saqauv (1) B HeKOTOpOH TouKe 2)€D papeH—x,p, eCIM xp— CBOOOI- 
HbIM UaCTHbIM HHeKc, H—-x,—1, ecu x, CBA3AH. 


Teopema 3. Yucao 1 =1(A) eonomop@noix aunetino nesaeucumolx Had- 
nolem OeticmeumeAbHoOlX 4uUCceA pewleHUuti COHOpOOHOti sadauu Pumana — Tuao- 
6epma paéexo 


r p 
£(A) = 2 2]xaj| + r +2) 4] x2)|, 
j=1 j=1 


2de nepean CymMMa omHOCcUMCA KO CEM CE0O00HbIM “aCMHbIM UHKOeKCaM *b; SO’ 
u emopan KO 6CeM KAEMKAM C OMpPULIAMEeAbNoIM UNOeKCOM. 

OTMeTuM elle cilenyromlee cyleqcTBHe Teopem | nu 2. 

Cuenctsue. Ecau y mampuyot emopoeo nopadKa (n = 2) undekc x— 
wemHoe 4ucAO, mo 6 (3) A(t) ecmb OuaeonanoHaa mampuya, (d(t) = 
Sates [%2), %y —- Xo SS, %y a)! 

x 2 eo 

3. Ha ogme us Kaaccop Q),, He uyct. B o6pmHol resbgzepoBcKon 


TonosorHH * BQ Ksaccbl Qeeys BooOule TOBOPA, [He 3aMKHYTHI WM He OTKPbI- 


tbl. M3 semmpt 1 u3 (3) cneqyer, 4TO OHH CBA3HbI. Ouako, Kak NOKaKeM' 
HWKe, B_H3BCCTHOM CMBICJI€ 3TH KJaCCbl HepaBHOIUpaBHbl. 


Onplemenenne. Kaace QF, Hasopem ycTOH4YMBEIMB TOUKe AEQ > 


eCJIM B HOPMHpOBaHHOM TpeyctTaBylenuu (3) A[A] = [A] aaa Bcex Matpuu A 
W3. HEKOTOPOH ocTaTOUHO MasioH OKpecTHOcTH MaTpHub!l A BQ. 

Syecb Mbl OIH30CTb TIOHHMaeM IO rewJblepoBckoH Tonomornu B Q (omHa- 
KO BO3MOXKHO PaCCMOTPeTb TaK2%Ke PaBHOMePHY!O TOMOJOrHIO, HW pe3yJIbTaTbL 


ocTaioTca B cHuie). Tak Kak Kulacc Qn yCTOHUHB UH BO BCeX CBOHX TOUKaX 
WIM HH B OHO, TO MOXKHO FOBOpHTb MpocTro 06 ycTowunMBocTH Kslacca. 

Teopema 4. Ilycmp x =nk+r, O<r<n. Cpedu ecex) Kaaccoe Q (uy: 
YCMOULUBOLM ABAAEMCA AUWb KAQACC 


Qx 
(R+1,R), (R+1,R),...,(R+1,2),R,.+.,k? 
— 8 $$ 
r pas 
ecau r<n/2, u Kaacc 
x 
Oh, RA-1,...; k--1, (k--1, £),<--,(R+1,R) * 


"1 pas ie 

ecu r>n/2,l=n—r. Cymma e@cex neycmotiuueolx Kaaccoe He codepotcurn 
HU OOHOW eHYmpeHHeti mouku 6 Q. 

na NoKa3aTesbCTBa HEOOXOJHMOCTH YCJIOBHHi TEOPeMbl YKa3bIBaeTCH ABHOe 
BO3MylleHHe MaTputbl A(t), MeHaIouee MaTpHuly [A] B (3), ecm OHa OTMMIHA 
OT onmvcaHHoH B Teopeme 4. IIpu 2TOM, aHaJIOrHuHO IlyTH, yKa3aHHOMy Ja 
sajauu Tump6epra B (?), BOSMyllaeTCaA JHb MaTpHita h(t) B NpegzcTaBseHHH (3). 
TlocraTouHocTh ABJIAeTCH M10 CyWeCTBY CsIeqCTBHeM TeopeMbI 3 HM HOJyyCTOH- 
YMBOCTH pa3MepHOCTH MpocrpaHcTBa HyJeli WMHefHoro onepatopa (’,°, %, °). 
Teopema Tuna Teopempl 4 Ain saqaun TumpOepra BlepBble MouyueHa HesaBH- 
cumo B (*) u (°,8). 

AnasioruuHoO olpeyesieHuio =yCTOMYMBOCTH KJlaccCa SKBUBaJICHTHOCTH Olpe- 


‘yessem ycroliuupoctb yucna 1(A) (‘). 


CnenzctsBue. Yucao 1(A) ycmotiuueo mozda u moaoko moeda, Koe2da 
L(A) = max (0, — 2x - 7): 


1 2 (1. 
* Q ecth MeTpHuecKoe MpoctpaHcTBo, ecm Momo%KUTb e (Ai, Az) = sie lin — Gell B 


3aBHCHMOCTH OT Toro, GepeTca mH HopMa || || B mpocTpaHcTBe HenpepbIBHBIX yHKMHi Ha 
L unau B 6aHaxoBoM MpocTpaHcTBe PyHKUHH, HeMpepEIBHEIx No Tembzepy, TOBOpHM O PaB- 
HOMePHOH UM rembepoBcKoH Tonosorun BQ 
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Kak 1l0Ka3aHO B (°), MHeKC * ABJIACTCA €][MHCTBCHHDIM TONOJOPHYeCCKHM 
MHBapHaHTOM rpanwuHoro ycsoBusa (1). Teopema 4 u CJleqCTBHe NOKasbIBaIoT, 
UTO B YCTOHUMBBIX CJIYYaAX, H TOJIbKO B HUX, % MOJIHOCTbIO ONpefesAeT CTPyK- 
TYPy MHOKecTBa pelleHHi 3agqaun (1). Kpome Toro, B H3BeCTHOM CMBICJIe (734) 
MOXKHO CUHTATb, UTO YyCTOMYMBOCTh e€CTb THUMUHDIM Clyyat, Tak Kak CYMMa 
BCeX KJIACCOB Ovene OTIMUHEIX OT ycToumBoro, Huge He MioTHa B YQ”. 

4. Uccneqopanue rpanuunoli 3aqaun (1), upopeyenuoe H. Il. Bexya, onu- 
paeTca Ha oTOOpaxenue A->G(t)=—A™1A u usyyenne 3agqagu TumbOepta 


gp =G(i)¢. (#) 


(=) Uacruple uHgeKcbl x; 3aauH Ha3BaHbl WM 4aCTHbIMH HHJeKCaMH 
galaud Pumana—Tusmp6epra. UMmewr mecTro- caegzyrollue dopmyJpi 


nepexofa OT WaCTHbIX HHJCKCOB, BBeCHHBIX HaMH, K WHJeKCaM * x;2 %; = 
= — 2x;, ecum x; CBOOOZHbIM YaCTHbI MHeKC; KyIeTKa x%Ke (x;-++ 1, %;) Mepexo- 
IMT B Hapy uHmeKcop (x;, %/41) = (—2x;—1, —2x;— 1). Takum o6pas3om, 
‘OKa3bIBaeTCH, YTO Cpe YaCTHBIX MHJeKcoB 3afaun Pumana— TunpOepta m0 
H. IJ. Bekya neuerupie BbicTyna‘oT BCerqa MNapamu (xi, paey TIpHueo | 
%; =%41. OTcioga crelyer, uro MaTpuia A(t) B npexcraBsenuu (3) yluaro-- 
HaJibHa TOra HW TOJbKO Tora, Kora BCe YacTHbIe HHAeKCbI MaTPHI{bl 
G = —A™4 uernu. 


Tocrynnsio 
PAUL GSS 


UHMTHPOBAHHAS JIMTEPATYPA 


1H. MW. Bexya, Cucrembl cHHryAPHbIX HHTerpasbHbIX ypaBHeHuli, M.—JI., 1950. 
25B.B. BoapeKknu it, Tp. kond. no Teopuu dyHKuni, M., 1958. %5.B. Boapcxuid, 
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* C TOYHOCTbIO JO Mopaika. 
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Aornxayn Akagemun nayr CCCP 
1959. Tom 126, Ne 4 


. MATEMATHKA 
Jl. ©. JABHAEHKO 


K BONPOCY O UHCJIEHHOM OMPEAEJIEHHH 
®YHKUHH TOKA CTOKCA 


UT peccmucneno axademuxom C. JI. Co6onesuim 11 II 1959) 


IlpeqmoKeHHbIii HaMH B (*) METOJ NOCTPOCHHA Pa3SHOCTHHIX ypaBHeHHi Tas 
pellienua ocecHMMmeTpnueckon 3ayaun J\upuxse aan ypaBHenun Jlanmaca me- 
TOJOM CeTOK B HaCTOAMIeH 3aMeTKe MIpHMeHAeTCHA VIA pelieHHA anamoruuHol 
3aau JIA ypaBHeHHd 

ue u 41 ou O?u 
Pe er +55 =0, (1) 


Typior 
re rf — payvasbuaa Pe rare 2— KOOpfMHaTa, HallpaBJICHHaA BUOJb OCH 
CHMMeTPHH. 

1°. Ilycth tpe6yerca Halitu pemieHve uw ypaBHenua (1) B o6nacta G maoc- 
KOCTH f/f, Z, OrpaHHyeHHOH KpuBont IT, mpu 3ayqaHHom TpaHHuHOM yCJOBHK 
ulr = 9. Byzem IipeqmouaratTb, uTO pelleHHe NOCTaBJICHHOH 3aqauu OOmaqaer 
B OOvlacTH G HeMpepbIBHbIMH HM OFpaHHUeHHbIMM TPOH3BORHbIMH JO HY2KHOrO 
HaM TopsyKa. 

O6snacTtb G NOKpoeM Npou3sBosbHOH ceTKOH. Touku mepeceyeHua IIpAMBIX, 
OOpa3ylollHx ceTKy, OyeM Ha3blBaTb y3JIaMM WIM Y3JIOBBIMH TOUKAMH CeTKH. 
IIpou3BoJIbHblt =y3es O603HaYHM Yepe3 % = A%q(%o, 20), a mM OnMKalIUMX K 
HEMy y3JI0OB —uepes a, =a;(fo +R:, 2 +1) (6 =1,2,..., m), roe ki, 1; — 
HekoTopble uucia. Jlna mpoctotsl 6yyemM Wpe_nouaraTb, TO 3HaveHHA HCKO- 
MOH (pyHKILHH B TpaHHUHbIX y3laX Ce€TKH M3BeCTHBI. 

IIpeqnooxuM, 4TO pellieHHe ypaBHeHua (1) B OKPeCTHOCTH TOUKH ap (fo, Zo) 
o6macTu G MO>KHO IIpecTaBuTb B Bue 


[ee) 
1 
u(r, 2) = Ago + >i [An—1,1P2n—1 (7, 2) + AnoPan (V, 2)], 
n=1 ; 
rye D.,_,(r, 2) H D2,(r,z) — MHeHHO He3aBHCHMble (pyHKIHH, yYAOBJIETBOpAIOUMe 
ypaBuenuio (1) HW CreqyIOWMM yCJIOBHAM: 


®)(r,z) = 1, 
howl. 
Pro, ion | _ [Hier miso... BCz)s 
Sey) zi aaa : =. 
Ort AT) gz2/+1 22, Onpun>1;t=1,2,...,2—-1;)=0,1,..E (5 "); 
a . nh . 
O*®,,, (r, 2) bl (ar perc 00, 1 ares El 
Gr —7Gz"! z=z, O npu 120, 1,...,0—=13 j=0,1 jE (sp) 3 
x F = 5 =O See 1s +) 
ECE A pea “ 
Ap 2 gel feos \u TH t= Onl goal fi Oy een (5) 
f n—41 
d°®,,, (7, 2) ti9 sd tan; j=01,...,E( 2 
Ort AIT) ggait1 | 72 ampan>1;1=1,2,...,2—1; j=0,1,...,E(S) 
(EG 2 SS), 
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A KOMPPUNHEHTH! Gn—,1 HU Ano (2 = 1,2,...) ONpenemmoTcA U3 COOTHOMIeHHE 


aHaJlorMuHblx (3), (4) “3 (*). F eS 
Tlocrynaa aHasorHuHo TOMY, KaK 9TO MblI esa B (Cy; TostyyaeM j CHe 
jyloulee pa3HocTHoe CooTHOMIeHHe, MocTpoenHoe io m-+ 1 y3nam: 


. { 
Ug + > C= SHE (2 
i=1 
re 


m co m m Py 
j \) (Z) (z) 
R= a0 eo ee GD) b, OU Ean eres, 
2° i= nate tat c= 
a) 
B cIyaae Mm uveTHOoro HJ 


[oe) m m 
Rye = > | dna Boys + Qn,o >; b.02 | 


qe t=1 t=1 
2 
B culyyae mm HeyeTHOrO; KoadpunueHTH! Ob; (i = 1,2,..., m) oONpefemstoTca Ka 
peleHve CHCTeMBI JIMHeHHbIX ypaBHeHHui 
im m m 
G (2) 
Noa=—1, Doer,=0, Dd) oh, =0, 
i=1 f=1 é=1 
m—2 
g == 0,15 n=1,2,...,—5—, 
B CJlyyae m YeTHOTO MJIM CHCTeMBI 
m m 4 
Z Fi(lico 
Dd 6=—1, D bORy=0, g=0,1, n=1,2,..., =, 
i=1 i=1 , 


B Culyyae m HeYyeTHOrO; 
i = U(Tor- Ki, 2Zy- ae C= 0 a ee: 


oY = Don (fo + Ri, % + ti); oY = Dz, (fo + Ri, Zo + li), 
i==1001 eis R= =0. 


JlemmMa. Ecau Ona npous6eoronoti dynxyuu S(r,z) eoinoansaemca coo 
HOWeHue 


BIS oboe es (3 


c 


2de T (r, 2) — @ynkyua, yoosremeopsrowan ypaenenuto Jlanaaca c ocesott cum 
mempuei AT (r,z)=0, mo gyxKyusn 


Q(r,2)=S7,24+T7(;2) (4 


yooeremeopsem ypaenenuro L{[Q(r,z)] = 0. 
B yactTuocTu, ecm T (r, 2) —ORHOpO_HEI TOmMHOM cTeneHu R: 


P (ra) = Pits) = VEEP, (eee) 
(7,2) Px, 2) (Vr = 2 Pp Vr+z2/)? 
re P,(x)—nomuHomp Jlexanppa, To B KayecTBe S(r,2Z) MOXHO B3STb, I 
custy (3), Takxe OMHOpozHEi momunom S,;(r,z) To xe creneHu R. Crezo 


BaTeJIbHO, (byHkuua (4) B JaHHOM culyyae Oyner uMeTD BU 


Qe (r; 2) = Se (r,2) + Pir, 2). 
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Koappuluents! nowmHoma Spe(r,Z) HaxXOMMM MeTOJOM HeorpeleseHHEIX 
osPullveHToB, MpuyeM YCJIOBHMCH ONpefeaTb UX TAaKHM OOpa30M, UYTOOBI 
osPPullHeHT MpH wWieHe, COMeprxaleM CTapUlylo CTeleHb 7, PaBHAJICH HYVIIO. 
TMETHM, UTO TOJIMHOMbI Q,(r,Z) MOXHO HaliTH wu HeMocpeycCTBeEHHO MeTO- 
OM HeOlMpeeJIeHHBIX KoOspPPuIWeHTOB. 

Bo3spmem (byHKUHH Py,_,(r, 2) H Ds, (r, 2) B Bue 


n—2v-+1 ylg2v—n 


Deny (F, 2) a a as os ny! (n ae v)! Qs =1 (fs Oe 20), 
v==1 


n ¢ 
N—2v, Qv— 7. 
Yyl2 


Don (7, 2) =(—1)*>) CSIR Qoy (7, Z— 2p) 
0 


y= 

AT Dr iares 

orga COOTHOIWeHHe (2) NpHMeHHMO KO BCeM y3slaM CeTKH, He JlexKalluM Ha 
OCH Z. 

2°. B cayyae KBaypaTrHow ceTKH c Warom h u m= 4 KoHeuHOpasHOcTHOe 


COOTHOWeHHE HMeeT BUT 
th (Go20) = Oyu (ro + A, 2) + Dott (To — h, 20) + 
+ bg [uU (ro, 20 + A) + U (To, 2— A] + R, 
i 4 1 4 
b= (@)(1— 58), &=9@(1+78), &=e@(I-Te), (6) 
4 me h 
p()=(4—-+ #) , E=T, odd, 
[R|<ChtM, + 0 (h‘); 
C—pniouHe onpeseneHHad MOcTOAHHad, He 3aBHCAad OT Wara ceTku A u 


u; M,—sepxHaAaA rpaHb MOysel UYeTBepTbIX MPOM3BORHbIX U B  OTKDpbITOH 
o6acTu G. 


na Y3JIOB, PaCIOJIO*KCHHbIX Ha OCH Z, BbINOJIHAeTCAH CJIEQyIoulee TOUHOEe 
COOTHOLIEeHHE: 


(0, 20) = [wu (0,20 + h)-+ w(0, 2 —A))]. (6) 


PasHocTHble COOTHOIIeHHA, COCTaBJIeHHbIe 10 9 TouKaM (m= 68), B JaH- 
HOM cJlyyae HMeIOT BH 


i (To, 29) = Oy (To + h, Zo) + Bott (To— A, 20) + 3 [u (To + A, 29 + A) 4 
+ u(fo + 4,2 — h)] + 04 [U (To, Zo + A) + U (To, 2 — A)] + 
+ bs [u(ro — A, 29 + h) + u(ro—h, 2%—h)] +R, G7E) 


u(h, 29) = py (2h, 20) + qr (0, 20) + gr [u (2A, 20+ h) + uw (2h, 29 — h)] + 


+ Plu (h, 2 +h) + u(h,zo—- A+R, (7) 


6, =@[a@+ +O], &=9@[a1@—z i ©], 


ba =-+ (6) | o5(@) + fa ®)|, b= (8 2s(@), 


bs = 0 (6) [25(@) — Eu), 


1 PP: 
e() = a: Bir ny” fips 2h} 


704 


oo (£) = 800 — 1916 & + 1461 &¢— 37469 + 2988, 

g, (£) = 320 — 716 & + 487 4 — 826°, 

& (Ey = 390 700 470 eles 

og (E) = 160 — 364 &? + 233 £4 — 388, 

a, (&) = —160 + 380 &% — 244 & + 3969, 

os (£) = 320 — 836 & + 741 &4— 254% + Q9E8, 
|R| <Ch8M, + O(h), | Ril <Cyh°Mg + O (8). 


Snecb C u C,— BrOsHe OnpeeeHHbIe IOCTOAHHbIe, HE 3aBHCALIMe OT Aw us 
M;(i = 6,8) — BepxHan rpaHb MOjysleH i-xX MpOM3BORHbIX U B OTKPbITOH: 
o6nactu G. 7 

Or6pachipast B CooTHOeHHAX (5) u (7) ocraTouHble wienbl R uv R, Ry 
COOTBETCTBEHHO, NOJIyYHM [Be CHCTeMbI ypaBHeHUi B KOHCUHBIX pa3HOCTAX. | 
Kaxkaad 43 STHX CHCTeM BMecTe C ypaBHeHHAMH (6) WaeT BO3MO%KHOCTb ONpe— 
JICIHTb 0 3afaHHbIM 3HAYeCHHAM WU B TpaHWUHBIX y3lax MpHOMKeHHbIe 3Ha— 
yeHHA (pyHKILMH & BO BCeX BHYTPeHHUX y3ulax ceTKH OOsacTH G. 

SaMeTHM, TO JIA Yy3JIOB, paCOJIOKeHHBIX Ha MpAMOH fr =A, MHOrgZe@ | 
MOXeT ObITb MOMe3HbIM ceMyromlee, Oomee TOUHOe, YeM (77), PasHOCTHOe COOT— 
HOIMeHHe: 


718 15838 4 
u (h, 20) = yee (0, 20) + Ganey 4 (2h; 20)-+ gage u (BA, 20) + 
199 : 
ae 7355 [et (hxzo = 2) oth, 2p eae 
164 


+ soy [u (2h, Zo + A) + w (2h, 2 —h)] + Ri, 
| R, |< C,h8&M, + O (h}). 


OTMeTHM, TO H3JIOX%KeHHbI B (1) MeTOR NocTpoeHuA KOHeYHOpasHOcT— 
HbIX YpaBHeHHH IpHMeHHM TakxKe HM K APYrHM YypaBHeHHAM B UWaCTHbIX. 
MpOM3BORHbIX Kak 9JJIMNTHYeCKOTO, Tak HW TapaOouMyeckoro vu runep6omnue- 
CKOrO THIOB. 

3°. IIpumep. Ilycth tpeOyerca Halitw pewienve u(r,z) ypaBHenua (1) 
BHYTPH UWMJIMHApwyecKoH KopoOKH BblcoTroh H =3 u pamwycoM ocHOBaHHs 
R= 3, yAopmerBopstonjee Ha TpaHHle CeyIouluM ycsIOBHAM: 


(3, 2) = Sa Cee 0 ry 0) SLOP Oe Our (e 3) amb) 


TOuHBIM pellieHHeM pacCMaTpHBaemMOl 3aauN ABAeTCH (byHKUMA 


u(r, 2) = rd; (0,517) aaa 


B cayyae h=1 umeem crenyroumme pesynbratul: 


u Ilo @opmy stam (7) | Tlo dopmyue (5) Ilo @opmyse us (?) Tounoe 
u(h, h) 011613142 0, 11682248 012007164 0,11613122 
u(h, 2h) 0, 15891804 0, 15972850 0, 16356889 0, 15891780 
u (2h, h) 0 ,42187618 0, 42368360 0, 42746065 0 , 42187589 
u (2h, 2h) 057730926 057946316 0 ,58387095 057730894 


Takum o6pa3om, pesyvibTaT, mMosyuenuplli mo dbopmyne (5), HecKOsbKo- 
TOUHEe, a pesyJIbTaT, NOyYeHHbId MO dopmMysiamM (7), 3HauHTebHO TOWHee 
pesyJIbTaTa, NOyYeHHOrO M0 dopmywe us (2). 


Tocrynuso 
3 XI 1958 
UMTHPOBAHHAS JIMTEPATYPA 


* Tl. ®&. lasugenxko, JAH, 110, Ne 6, 910 (1956), 2 D. Greenspan, Math. 
Tables and other Aids Comput., 11, Ne 59, 150 (1957). 
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Jlokxnxagn Akagwemun Hayrk CCCP 
1959. Tom 126, Ni 4 


MATEMATHKA 


lM. W. JIMZOPKHH 
rPAHW4HbIE CBOMCTBA HEKOTOPOrFO KJIACCA ®YHKUMA 


(ITpedcmagaexo akademuxom C. JI. Codonesoim 24 IT 1959) 


CuctematTuyeckoe w3yYeHHe MpocTpaHcTs Wa mpoBefeHHoe €. JI. Co6o- 
N€BbIM H e€rO YYCHHKaMM, OKa3aJl0Cb, KaK W3BeCTHO, BeCbMa IIJIOMOTBOPHbIM.. 
M YACTHOCTH, OOJIbICe 3HaYeHHe B TeOPHH (PyHKUHH UM B pasJIHUHBIX ee TpH- 
NOXKeHHAX MpHOOpesM TeOpeMbI BJIOKeHHA HW KOMMaKTHOcTH C. JI. Co6omneBa 
B. HW. Kougpatuopa (*). Oru uccneqoBaHuaA MOWyYMIM fabHelilee pasBu- 
rue B Teopuuw H-KnaccoB, nocrpoeHHow C. M. Huxompexum (7). JI. Tl. Kya- 
babies (*) paspaOoTaJl aHaJOrMuHbIii Kpyr BOIIpocoB B CJy¥ae MpocrTpaHcts. 
> «BbIPORTeHHem». Hacrostjan paOoTa cBxA3aHa C 9THMM HCCJIeqOBaHHAMH. 

PaccmaTpuBaiorcd PyHKUMH u(x, y), CyMMUpyeMble BHYTpH OOmacTH G u 
ONataiouue TaM OOo6meHHbIMH (B cMbBIcme C. JI. Co6Oonepa) mpon3Bo,HbIMu 
pu /Ox, Ou/Oy, KAA KOTOpbIX KOHeYeH HHTerpas 


Dein Cy \\ a (x, y)| grad w|? dx dy, (1) 


G 


ne G—orpannueHwad OOnacTb c JocTaTouHO raayqKoH rpaHuuei I (Hampn- 
mep, [€C*); o(x, y) — orpaHnueHHasd H3MepHMaxv (yYHKUMA, MMeloulaa cTelen- 
OH NOopAqOK yOpiIBaHuA NpH WoAxXose kK rpaHuue (T. e€. Cyo* <a (x, Y) <Cop%, 
me @— paccTosuue TOUKH (x,y) WO TpaHMilbl). 

B pa6ote ycTaHaBsmuBaetca, uro npn |< p<0,0Ka< p—1 hynkuna 
(x,y) WMeer rpaHwuHble 3HayeHHA («cJeq» Ha YTpaHnue) u(x, y) |r = P(s) 
CMbICJI€ CXOJMMOCTH TIOUTH BCIOAy MO HOpMaJIM, CYMMMpyeMble co crTe- 
eCHbIO p*, 

OcuospHaa Teopema. J[na mozo umobol mynKyusn ©(s) Oolaa caedom 
(bynKyuu u(x, Y), HeoOxodUmO U Oocmamo4Ho, 4mMoObl OHA OolAa CymMmUpYyema 
WaT WU BbINOAHAACCH HeEpasercméo 


\\ |e (4) —9 (2) IP fo oe ers anata) 


i—t| 
eae 


Tlogo6upie rpaHWuHble KJaccbl paccMaTpHBasIHcb B paOorax (7,°), H 10 
cyllecTBy OHH Onu3KH K H-Kmaccam C. M. Huxkouscxoro. [Ipu p= 2 coor- 
BeETCTBYIOWlaH TeopeMa ApyruM MeTOAOM HosmyueHa B paOore A. A. Boita- 
puua (°). 

1. Tlycrb cbyHKuua u (x,y) cyMMupyeMa BHYTpH KBagpata g{0O<x<l, 
O0<y< 1} (tT. e. cymMMupyema B KaxKJOH OOacTH, 3aMbIKaHHe KOTOPOHM TIpH- 
HaflexuT g) U OONaqaeT B g OOOCOUIEHHEIMH YACTHBIMH MPOW3BOHbIMM Hep- 
Boro Nopsj[Ka; WycTb KOHeyeH MHTerpail 


ou 
Ox 


Proton =\r "| dx dy, IW Rte" Ie Be 


"+ |3 


* AnasiOrHUHble NpeAJO*KeCHMA HMeloTcH B pabotax (%,°). 


ue J 
i 


Kaace dbyuKunii, o6saqaromax mepewHcJieHHbIMH CBOCTBaMM, OOO3HauHV 


CHMBOJIOM ee (g). U3 cymmupyemocru dbyHkumH u(x,y) M ee OOoOmeHHBN 
TIPOMSBOMHbIX BHYTPH g CJlelyer cipaBeAMBOCTh yTBep»xeHuaA (*): PyHKUMs 
u(x,Y) SKBuBaseHTHa (byHKUMU Uo(xX,Y), KOTOpad aOcOJIOTHO HelpepbiBHé 
BHYTpH g MOUTH Ha BCeX IIPAMBIX, MapasVIeNbHbIX OCAM KOOPAMHAT, H 0600 
ILCHHbIe NpousBoyHHIe Pynkuuu u(x, y) coBMaaioT c OObMHbIMM MpousBOL 
HBIMH (PYHKUWH Up (x, Y). 

B jasmbuetimem nox u(x, y) MoxpasymeBaeTca (yHKUMA Uy (Xx, y). 

Sameuaune. B nauiux BbluMcIeHHAX HCNOb3yeTCA HepaBeHCTBO XapAu (® 


b 
\ dx 
ee 
rs (x — a) 


p b 


<o\(x—a}|f()ipdx, c=(5-F Sy. @ 


x 


\i@) 4 


a 


Teopema 1. ®yakyua u(x, y) o62adaem npu y=O0 epanuinomu 3Ha 
4eHUAMU p(X) 6 CmbICAe CXOOUMOCMU noumu ecrody: limu(x, y) = 9(x) noumtL 
y>0 


npu ecex x€(0,1). 
Odnoepemenno dynkyun 9(x) npunadsexcum L,(0,1) u seanemca npede- 
NOM U(X, Y) 6 CMbICAe CXOOUMOCMU @ p-cpedHem: 


1 


lim Vu (x, y) — o(x) |Pdx =0. 
y>0 5 


JlokasaTeJIbCTBO OCHOBAHO Ha CyMMMpyeMocTH Ou/Ox, Ou/Oy B Tpome- 
wKyTKax U<x<1, O<y<1 nourm yaa Bcex Y,x COOTBETCTBEHHO. 

Jlna yqoOcTBa opMyJIMpoBOK yCJIOBHMCA Ha3bIBaTb mpeyen limu (x, y), 
y0 


eCJIM TaKOBOM CyllecTByeT (XOTH Obl B CMbICJIG CXOMMMOCTH NOuTH BCIOY), 
Ce AOM PyuHKunn u(x, y) upu y=O0. 
Teopema 2. aa mozo umobot dynkyun (x) Oolna caedom byHKuuU 
u(x, Y)EDpa(g), HeoOxodumo uU Oocmamo4Ho, 4umMOObL eboLNOAHAAUC YCAO6UA:. 
1) (x) € Lp (0,1); 
nf Leet h) ela)? 
$83 — (x t 
2) Apa (~) = \ dh \ ah Se ae << Tee), (A) 
0 0 
Heooxogumocrs. Ilockonbky cymMupyemocts 9(x) cmeqyer u3 Teo- 
pembl 1, Ham ocTaeTca lpoBepHTb ycmoBue (A). 
Tlourm pu sceex (x,h) uz tTpeyromuuKa Q{0<x<1, 0O<h<1—x}, 
Mbl HMe€eM 


0) 


h x+th 
du (x, 7) du (&, h) , du (x + Ayn) 
SD ig + | OD ae y | OE in) oy 
5 0& On 


on E 
h 
| 


Hepapenctso Xapyu mospomaer yOeQuTecH, 4TO cymecTByIOT WMHTer pa Jbl | 
mo TpeyroJbHuky Q OT CaraeMbIX B NpaBOli yacTH, YMHOKeHHBIX Ha h%—P, 
IIpousBoyA nofcuerbl, NpHXOMMM K HepaBeHCTBy Apa (~) <c-3P-1 Dpy,a (u). 

JlocratTrounoctp. ITlycrh wa oTpeske /{0<x< 1} s3anana CYM- | 
MMpyeMad yHKuMA (x), yOBNeTBOpmomaa ycnoBuio (A). Mcnoupsy 4 
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p 


le (x+ h)— 9(x) [P= < 


x 


+h 
\ Ou (&, h) dé 


p 


a 


h p 
\ Ou (x, ) dy 


< 3p-1 | a 


0g 


inocTpoenue Tambapyzo (°), onpeqenum u(x, y) B TpeyrombHuKe Q  paBeHcTBOM 


sty 


u(x, y)=—- \ ede. | (4) 


C TMoMomIbIO HepaBeHcTBa (3) NOcse BbIKIaqOK No.yuHM 


Dp,a (U, Q) < 2cAp,« (9). 


_ fAna qoonpenenenusa pyHkunn (4) B KBagqpaTe g uCTO/b3yeM TOT (aKT, YTO 
ETHOS TIpoyouwKeHHe (PyHKIUMH $(x) OTHOCHTebHO KOHIUOB OTpesKa HE Me- 
fusieT €e Kuacca, T. . MwA pofowKeHHOK myHkunH D(x) unTerpan Apa (P) 
jocTaeTca KOHeUHBIM.~ IlpH oKa3aTeJbcTBe MONe3HO 3allMcaTb MHTerpas 


pa (®,(a,b)) io mpomexyrky (a,b) B CHMMeTpHYHOM Bue 


b 
4 ® (¢) — O(t) |? 
Ap,a (®, (a, 6)) = aS ena 


dt dt. 


awee—"n0 SF 


Ilocne ueTHoro npogqomKenua pyHKuAMH P(x) BIpaBo dopmyura u(x, y) Ay 
ry 


=— \ gy (&) dE aeT HCKOMOe oonpeyesenne, AA KOoTOporo Dp « (u, g)< 


x 
P< 8cAp,o (9). 
 Sameuaune. Teopemp: 1 u 2 mepenocatca nour 6e3 u3mMeHeHuii B JlO- 
(Ka3ATEJIbCTBAaX Ha fi-MepHbI KyO. 
B flasbHelimiem Kslacc CyMMMpyeMbIxX DyHKUMH o(x), OOnaaiomux KOHeU- 
HBIM MHTerpasioM Ap aq (¢, (a, )), Sytem OOO3HaYaTb Yepes Ave (a,b). Ormerum 
KCBOHCTBO JIOKaJIbHOCTH) AIX 9TOTO KJacca: eC PyHKUMA (x) IpHHaqnexur 
Kslaccy B OKpeCTHOCTH Kax%KNOH TOUKM MpOMexXyTKa, TO ona MpHHaexuT 
eMy H B IIpoMexyTkKe. 
| 2. Tlepenecem nlomyueHHplli pesybraT Ha (byHkuMoHan (1). TaagxKoctp 
rpanuup! [ mMbl cuuTaeM JOCTaTOUHOM JIA BBeeHHA B TorpaHHyHo monoce 
Gs Tako cucTrembl KoopyuHaT (s,¢), 4TO p(O<p<6)—ynuMHa Hopman 
IK Tr; s(0<s<so)—paccrosuue Bgolb I or cbuxcupopanHow Touxu 16 
lOCHOBaHHA STOH HOpMasH (So—AsMHa I), u mpeoOpasopanve s = s(x, y), 
lp =e(x,y) MpexcTapnneT OutMNWMUeBO OTOOpaxeHHe Gs Ha HeKOTOpoe Kpy- 
ITOBOe KOVJIbILO. 

Takue yCIOBHA BBINOJHAIOTCA, HallpuMep, B CJlyyae, Korga rpanuua I 
o6lalaeT HenpeppiBHoli KpuBusHo (I'€C*). Bosbmem ua T° rouxy (s, 0) 
IM paccMOTpHM uacTb Gs mosocel Gs, 3aKJNOYCHHYIO MeXKLy HOPMaJaMy su 
s-- 6. B noKasbHBIX KOOpquHaTax X =s—s, Y =o MbI Nomyyum KBaypaT 
2s Co cTopoHo 6. DyHKuHOHAT Dp,o (WU, Gs) 3amHcbIBaeTCA B Bue 


Doe (us Gs) = \\ a [x (s, 9). 4 (S, 9)I| gradu 


Gs 


D (x,y) 
D (Ss, p) [ds ap 


Y MONYCKaeT OLeCHKY 
a,Dp,a (U, 8) < Dp,o (u, Gs) <AgDp,a (U, Qs). 


B xBagpate gs WeHCTByIOT TeEOpeMEI 1 u 2, B cHJIY MowyYeHHOH OeHKU 
OHH II€peHOCATCAH Ha Gs, a MO CBOMCTBYy JIOKaJIbHOCTH HW Ha Gs. Takum o6pa- 
30M, u(x, y) umeeT Ha I’ rpaHuyHOe 3HayeHHe o(s) B CMbICIe cxoquMocTH 
MOUTH BCIOAY * MO HOpMaJIAM, M MbI llovywaeM HeOOXOMMMOoe ycuIOBHe mpH- 
HaexkHOCTH u(x, Y) K Dp, (G) B Bue HepaBeHcTBa (2). 


* «our Bcloly» B CMbICIe rpaHH4HOH Mepbl. 


2 JLAH, 7. 126, Ne 4 


Weg 
£O 


Jina WOKasaTembcTBa JOCTATOUHOCTH STOFO COOTHOIMEHHA ceqyeT Re, 
UHTb Nperkle BCerO COraCOBAaHHe PAa3JIMUHbIX JOKaJIbHBIX T1pOMOMKeHHH pa 
HHWHOH (PyHKUMH. Iro corsacoBaHie WMeeT MeCTO, TaK Kak OMpeesleHHt! 
TIpoAOKeHHA 

s+p 


U(s, ))=— \ g (€) dé 


HMeeT B, Gs HHBapHaHTHbI CMBICJI, He 3aBHCALIMM. OT BbIGOpa JOKaJIbHOF} 
CHCTEMbI KOOpdHHaT. Tlon0xHB TeNepb 


U (p, s) B Gs, 
s+8/2 
u(%y=}1 = ule) | od 2 Gs— Gy, 


re p(p)— ABaxkbl HerpepbIBHO AMddpepenuupyeMaA CyHKIULMA,, paBHas. enu:| 
Hune mph OCp<6/2 Hu Hymo mpH p>s, MOoxKHO yOefuTECA, YTG 
u(x, y)€Dpo(G). Dro 3aBepulaeT WOKa3aTEJIbCTBO OCHOBHOH. TEOPeMbl. 

S| ray6oxo mpuH3Hatenen B. HM. Konypawiopy 3a nocraHoBky 3ajauH. 


MockoBckHi HH2KeHEpHO-*busHuecKHH Floctynu10 
HHCTHTYT 9 IT 1959 


WHTHPOBAHHAS JIATEPATYPA\ 


CRIB GOV GOES Hexotoppie MpHMeHeHHA (byHKUMOHAIbHOTO aHasH3a B MaTeMaTH 
ueckol dusnke, JI., 1950. *€.M. Hukoabexku it, Tp. Matem. nucr. um. B. A. Crex 
giopa AH CCCP, 38, 244,(1951), * JL 0. Kyapasues, IpofomKenve byHkunit u Bo 
2KeHHE KIaCcoB ysis Tloxtopekan Aucceptanua, Marem. uuctr. um.. B. A. Crexnopa AH 
CCCP, 1956. ‘4J1.H. Cno6ongenuxkui, B. M. Ba6uu, JAH,. 106, 604 (1956), 
® E. Gagliardo, Rend. Semin. Mat. Padova, V, XXVII, 284 (1957). ® A. A. Bo 
map uu, JIAH, 117, Ne5 (1957). *J. Deny, J. Oe BE aie s, Ann. de!’ Institut Fourier, 
5, 305 (1955). 8 A. 3urMmy HQ, Tpuronomerpuueckue pan, 1939, crp.77. ® M.H. Bu 
mH kK, Matem. cOopH., 35,. Ne 3, 513 (1953).. 
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Lokaann Akagemun nayk CCCP 
4959. Tom 126, Ne 4 2 


MATEMATHKA 
A. Jax. JIOBATOP (A. J. LOHWATER) . 


O TEOPEMAX [POCCA HW HBEPCEHA 
(I] pedcmaeneno -axademuxom IT. C. Anexcandposeim 24 II 1959) 


Hlaneko ufxymHe o606ujenun Teopembl IIaKapa OblmH OHOBpeMeHHO JaHbl 
ITpoccom (*,”) a Wpepcenom (3—*). YcraHopeHue 9THX pesyJbTaTOB TpeOyet 
}BBECHHA NOHATHA MpesebHOTO MHOMKECTBA. buen 
Ilyctb w = f(z) — yHkuvia, ompeyenenuaa B OOactu D, Trouxa P. jexuT 
jHa rpanuue FrD o6nactu D. Mbt cKaxkem, 4TO TOUKa W.= a TpHHaywe KUT 
InpeqembHOMY MHOxecTBy C(f,P) dyHkunu f(z) BP, ecaH. cyule- 
CTBYeT MOCeAOBaTeMbHOCTb {Z,} B D Takas, YTO Zn ->P Hu f (Zn) —>a. Muo- 
x*ecTBO C(f, P) 3aMKHYyTO, a B Cylyyae HeNpepbIBHOcTH f (Zz) CcBA3HO. B jaJb= 
HeHWeM JOCTaTOUHO paCCMaTPHBaTb B KauecTBe OOJlacTH D  eAMHHUHBIM. Kpyr, 
jz{|<1, a P=e®—Touxa okpyxuoctu K: |z|=1. TloqmMnHoxecTs0 MHO- 
*KectTBa C (f,e%) HagpipaeTCA TPAaHHYHIM pee MbHBIM MHOXKeCT- 
fBOM Qua f(z) B e* wu oG6osHayaeTcH uepes Ca(f,e%), ecaH OHO Ompee- 
| NACTCA CJIeYIOUIHM COpasoM: AA MpOH“sBObHOrO 4 >O0 oOpasyeM MHOxKe- 


) CTBO 
| OF Sey Si lien RA he <a) =A SN OC) (1) 
0<|O6—6,|<n 
|W onpeyessem Cz (f, e*), Kak Nepeceyenne 
| Ce (fe) = 1 C(f,0<[6—%| <1); (2) 
| n 


rye uepes C(f,0<|8— |<) o6o3HaueHO saMbIkaHHe MHOxeCTBa (1). 
_ Vipepcenom jyoka3ana (1,”) culeayrouan TeOpema. P 
Teopema 1. Ecau f[(z) mepomopdua 6 |z|<1, mo Oaa Kado mouxu 


ia’ na K: |z| =)! . . 
| FrC (f,e%) C Cp (f, e"*). (3) 
B teopeme 2, TaK HasbiBaemoH Teopeme I’pocca— HBepcena, AaeTCA CBA3b 
Mexyy (3) u TeopemoH []nKapa: 
| Teopema 2. B npodoascenunx meopemot 1 dynxyua f(z) npuxumaent 
KascOoe 3sHaxenue us C(f,e)—Cp(f,e®) 3a ucKatoueHuem, Obl mooKtem; 
Oeyx, beckonernoe 4UcAO pas @ Arbol oKpecmnocmu e. Ecau umeromca uckato- 
4YUuMeAbHOIe BHALEHUA, MO OHU ABAAIOMCA ACUMNMOMUMLECKUMU BHAaYeHUIMU OAA 
E(z) 6 e*, bce “at. 
PaccmoTpuM mpovspeyeHve Busmxke B(z) Takoe, 4TO Kaxfai Touka K 
“SBNAeTCA HpemembHol pun Hye B(z); scuo, ato C(b,e*) u Cp (b,e'*) 
-copnayzait, Tak Kak WIA Kako TouKH P€K umeem C (5, P) = {]w]< 1}. 
Jlanee, ouesuguo, uto C(B, e) —Cg(B,e) nycto aun Beex e”, T. €. B STOM 
cyuae Teopema 2 OeccoyepxarTeJbHa. ; 
Jia nowyueHua cojepxkaTebHOrO pacipocTpaHeHHA TeOpeMbl Ha ClyuaH 
HeH30JIMPOBaHHBIX OCOCeHHOCTeH HCNONb3yeM padqvHadbHoe NpeeAbHOeE 
MHOKeCTBO C,(f, e%), KOTOpoe OMpesesAeTCH COBEPUICHHO TaK Ke, Kak Hi 
C (f, e), 3a HcKmoyeHveM TOPO, YTO OT NOCJeAOBATebHOCTH {Zn} TpeOyetca, 
yTOObt OHa slexKavla Ha paguyce, NpoBeyeHHom xk e. Ecum E — mpoxspoubHoe 
MHOKeCTBO Ha K, MosaraeM : 
Col(f,0<|@—%I <4, F)= U  Co(fre*) My 


0< |0—Oo] <n 
OEE 


a 107 


JIA MpOusBONbHOrO 7 > O wu 3aTeM OMpeqenAeM PpaqWHabHoe TPpan HYHOeH 
mpewqeswbHOe MHOXeCTBO NO OTHOMeCHHW K E Kak 


Cre (fe) = 01 Co(f,0 <|9—%| <m F)- () 


Mol 3gecb noKaxKeM, UTO MpesblyymHe padoTsl aBropa (°°) cosepxaT pan| 
o6o6menua Teopem 1 u 2. U3 reopempt KapatTeogopu (*°) serko cezyer, 4TO} 
ecyid E—MHOKeCTBO JIMHeHHOM Mepbl HyJIb, TO 


ErG (6°) G Cree) (6)) 
ain Beex e? wa K. 

Mbt cKaxKeM, 4TO OrpaHuyeHHad WM aHasuTMyecKad B |z| <1 Py HKUHA | 
j (Zz) upunagmexut Kaaccy (A) B |z| <1, ecum e€ payqvalbHble Npefebl 0% 
MOJyJiO paBHbl 1 mourm Bcioqy Ha K. @poctman (*') WoKasam, 4TO Karan} 
(byHKuuaA Kaacca (A), He ABJIAIOWLAACA KOHCTaHTOH WJIM KOHCYHBIM JIPOH3Be- & 
TeHuem Busauike, 1pHHHMaeT OecKoHeyHOoe YHCJIO pas Kaxkfoe 3HayeHHe U3} 
|w|< 1 3a ucKsto“eHHeM, ObITh MOXKET, MHOKECTBA EMKOCTH HyJb. M3 atoro} 
pesyJIbTaTa MeTOJaMu, pa3sBuTbIMu B (°,”), Mbl ToyyaeM CJIeqyIOulMH pe-\ 
3YNbTAaT: 

Teopema 3. Ecau f(z) mepomop@ua @ |z|<1, a E—npouseorsnoey 
MHONCeCMsO mepbl HYAb Ha |z|=1, mo Kasicdoe sHaveHue us C(f,e°)—¢ 
— Cr_z(f,e”), 3a B03MOIIKHOLM UCKAIOUEHUCM MHOIKeCMb6A EMKOCMU HYAb, NpU- 
Humaemca f(z) 6 Atobot oKpecmnocmu e. B cay4ae cyimecmeoeaHuA UCKAIO- } 
HUMENbHOLX BHAYCHUL IMU 3HAYeHUA ABASIOMCA ACUMNMOomMUYECcKUMU AULOO 6 e!?, 
AUOO 6 MOUKAX, CKOA YeoOHO OHAUu3KUX K e*, 

SaMeTuM, 4TO TeopeMa 3 Havslyylllad B TOM CMbicJIe, yro ecmH Ey — m060e 
SAMKHYTO€ MHOKeCTBO €MKOCTH HYJIb, MOXKHO MOCTPOHTb dyHKuUHIO fF (2), | 
umeroulyio Ey CBOMM HCKJIOUMTeIbHBIM MHOKECTBOM B CMBICJIe TeopeMpbl 3. { 

JleicTBuTesbHO, OOo3HauHM Yepes G oOnacTb {|w|<1}— Ey, a uepes 
Rw» YHMBepCaJIbHYIO TOBEPpXHOCTb HaslOx%KeHuA G; Tora MOKHO HaliTH (byHK- 
WHO Z = z(w), oTodpaxaiomlyio Ry KoHdopmMHo Ha |z|<1. Vs3pecruo, uTo 
cbyHkuua w =f (z)— oOpatuaa K z(w)— puHanexkut Ksaccy (A) c copep- | 
WC€HHbIM MHOKeCTBOM OCOOeHHOcTei Ey Mepbl HyJIb Ha K. I]puHumasa B Teo- 
peme 3 3a MHoxkecTBO FE mHoxectTBO Fo, BAAMM, 4YTO TeOpemMa ABJIAeTCA HaH- 
ayumeH. Jlanee Mbl pacCMOTpHM BO3MOKHOCTb YMEHBINeHHA pa3MepoB — 
HCKJNOUHTeEJIbBHOTO MHOXKECTBa, JO3BOJIAeMoro TeopemoH 3. Mobi ucnosb3yem | 
enenylouyuH avasor (°) Teopembl PpocTMaHa, YNOMAHYTOM BBILIe. 

Teopema 4. Iycme w=f(z) npuxadsexcum xaaccy (A) B |z|<1 u 
nycmo modyao ee | f (re)| umeem paduanonoiii npedea 1 Onan ecex e® Ha 
|z| = 1 sa eo3smoocHolm ucKAroueHUeM mMHODKeCmMeA emKoCMU HY Av. Toeda, ecau 
[(z) He A6AReMCA KOHCMAKMOK UAU KOHeUHoLM . Npouseedenuem BasuuKe, f (2) 
npuxkumaem OecKonetHoe AuUCAO pas KaoKeOoe sHa4eHue 6 |w|<1, 3a ucKanjmue-— 
HuemM, OblIN’ mooKem, OOHOO.: ; , 

C nMoMowtbIo TeopeMbl 4 4 MeTOROB (°) MOXHO JOKasaTb CueLYyIOULy10 Teopemy: 

Teopema 5. Iycmo f(z) mepomoppua @:|z|<1, E—npouséoabxoe 
muooicecméeo emKocmu HYyAb Ha |z|= 1. Toeda Kaocdoe sHayenue us C (f, e)— 
—Cr_e(f,e) npunumaemca @ awbott oxpecmnocmu e, 3a 6o3MOdcHoLM 
UCKAIOMEHUEM KOHE4HOLO 4UCAA mo4eK. | . 

OctaercH HeH3BeCTHBIM, MOXKHO JIM WCKINOUNTebHOe MHOKECTBO, M03B0- 
Jinemoe TeOpeMoH 5, CBeCTH K J[BYM TOUKaM. : 
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MATEMATHKA 
A A. MAJIbILEB 


| eA ABORCTBEHHOCTH AJIA HESAMKHYTbIX MHO)KECTB 
| - B MHOrOOBPA3SHAX 


(IIpedcmaeaeno axademuxom IT, C, Anexcandpossim 24 II 1959) 


Teopema. I/ycme M"—opuenmupyemoe n-mepHoe 2omoaoeuuecKkoe MHO- 
e000 pa3sue, AYUKAUUHOE 6 pasmepHOocMAX g u qg-+1 no npouseoAoHOtt Cb6nacmu 
Koappuyuenmoe. Toeda dan awb6oeceo ACM" u B=M"\A epynnu VA u 
AIB, 20e p u q—NeompuyamerbHole yervle 4Uucaa, Oarousue 6 cymme n—1, 
us0MOpqHoL mesxcdy coboti. 

Ilpu stom rpynna A%B — oOpisHaa rpyina WCTHHHBIX IHKJIOB C KOMMaKT- 
‘HBIMH HOCHTCJISMH 10 3aqaHHOH oOnacTn Koadduunentos. [pynna VPA, on- 
jpelelseMan HWKe, B Cilyvae 3AMKHYTOTO MHOrooOpa3sHA OlpeyesieHa BHYTPeHHe, 
2B cyiyyae 2Ke OTKPbITOrO 3aBKCHT OT CaMOro MHOrOOOpa3HA, XOTA H BeCbMa 
impocTo. Jlerko BuseTb, YTO TocuIeqHee ycOBHe HeEOOXOZMMO, 

_ AwasornuHaa TeopeMa B CJlyyae 3aMKHYTOrO MHOTOOOpa3ua uM AHCKpeTHOH 
rpynnpl KosdduyHeutos foKka3sana K. A. CurTsuKospio (1). 

JlokasatesbcTBO TeopeMbl HauOoslee BpocTo culeqyeT U3 MOKasaTeMbCTBA 
K. A. CutHuKkosa yasMsupyeMOCTH B 34MKHYTOM MHOrOOOpasMu rpyNlbl Tak 
|Ha3bIBAeMBIX CHJIbHbIX TOMOJIOrHH (7), NOSTOMY Mbl H3JIOXKUM JIMLIb H3MeCHEHHA 
4B 9TOM jOKagaTenbcTBe. JloKasaTeNbCTBO BeeTCA VIA calyuant 38aMKHYTOrO 
MHOTOOOpa3HaA, TaK KaK B CyJlyyae OTKpbITOrO MHOroOOpa3sHA HYy2KHO JIHUIb 
(OPPpaHHYHTbCA PacCCMOTPeHHeM LHKJIOB C KOMMAaKTHIIMH B M” HocHTeJAMM. 
1. pynna WPA. Ilycth « — 11 POMSBOVIHbIIi 3AMKHYTbIH 3Be3HO-KOHeUHBIA 
| KOMIVIeKC, zP — 6eCKOHEUHbIM P-MepHBIH V-WMKJI Ha a. 

Onpeneneune. LUnxn z? komnusiekca « HasbiBaeTcCA C1a60 TOMOJO? 
|THUHBIM HYJIO Ha &, 2? 0, ecM UNKI JQz?, BICeYCHHBIM H3 2? NpoHs- 
| BOJIbHBIM KOHEUHBIM 3aMKHYTBIM TOJKOMIJIeKCOM Q, TOMOJ:OrHueH HyJIO Ha Q, 
| a2" 0: . | 

|  Lvkai, ca60 romosornyunple Hy0, OOpasyloT Nosrpymny rpynupl 6ec- 
/KoHeuHBIX V-IMKJIOB KOMIIeKca %. COOTBETCTBYIOLLYIO (bax Top- rpynny o6o- 
|3sHauum V?a uM Ha30BeM rpynmnok cnaOnlx TOMOJOrHH o@. 

Sameuannue. Ilyctb Q, — KOHeUHDIE 3aMKHYTbIE NOAKOMIIJIeKChl &, 


4 
7 
i 


4 


i foo} 
(el U Ope Onc Qn+1 uw Jq,z?~O Ha Qn Aan moOoro n. Torna z? cna6o 


romosornuen HYJIO Ha &. 

2. PaccmaTpHBaeM 3Be3{HO-KOHEYHbIE OTKPbITbIe MOKPbITHA MHODKeCTBA 'A, 
|Tlycrh noxKppitue 8 cyleqyer 3a noKpbiTHem «. Tomomop@usM,-conps2keHHbIi 
|HekoTopomy cypury ®% HepBa 8 B HepB %, OOosHauMM xf. Torga u3 2? = 0 


/Ha a cneqyeT mi2? = BAe Ha 8. J[elicTBUTe/IbHO, BOSbMeM np ORaBaMM ial KOHeU- 
“Hbii 3amKHyTbIt noyKomnsekc Q Komnsexca B. IIpu cyBure @&& emy cooTBer- 
eTByeT Nogkomusiekc R. CyBur oF, paccMaTpHBaeMblii JIMb Ha Q, OOo3HadHM 
(2, a CONpsKeHHbIH emy TOMOMOpduSM 7G. Tora 


a’? 


nodal? = Jonat’: (1) 
TOV REO == RoC. © ae (2) 


Ho z~0 na a. CnegopateibHo, Jr2? = VrxP—}, rod rz? = nEVeaxP—1, OTKyMa f 
tts ——f a —] A) OP a yp—l r 

m0 (2), mod RZ? = TEVP = VorGx?! u, 10 (1), Jongz Vangx?), YTO 
TpeOoBaJOcb. 4 
Tomomopdu3Mbl, COlps2KeHHbIe pa3/IHUHbIM CABHTaM 8 B %, OlpeyesAatoy 
culbHO, a Tem 6onee cla6o, romoslorMyHbIe Mexzy co6oH wuKsI. IlosTomy| 
BO3MOX%KHO aTb cuieqyrouee ompegemenve: IIpenembHaa rpynna nmpsxAMmorct 
cnextpa VPA={V?a, no} HasbiBaeTca rpynnoH caaOpnx romonoru 
MHOmKeCTBAa A. } 
3. Tpynna V$,A. PaccMarpupaorcd TpHaHryJIAuA OKpecTHOCTeH MHO* 
xectBa A B M*. KoucrpyKuua mu. | onpeyzemseT Ha KaxKOH Tako TpHaHry } 
jimuu rpynny cna6pix romosorvi Ver. Ecnu Tpwanrysauaa ct’ calenyeT 32) 
TpHaHryssiuel t, TO onepatop V-no_pasgqetenua S?, COMpsxKeHHbIA MpoHs| 
BOJIbHOMY CBHry t’ B t, Mopoxkfaer rOMOMOp(H3M rpylilbl OecKOHedHBIAl 
ILHKJIOB tT B rpynny GeckoHeyHbIX V-WuK0B t’. AHaIOrH4yHO Tl. 2 MOKAa3bIBaeT-} 
CH, YTO OH ONpesemAeT HM rOMOMOpdu3M rpynn cwaOpix romosorui. 
CoorsercTBy1omluit cneKTp O603HauNM VexA H Ha30BeM BHEe WiHeH rpyt| 
noH cmaOnx roMomoruh MHOKecTBAa A. 


KpbITHe Tela h TpHaHryJAWH +t PaBHbIMA 3Be3,aMH BeplIMH moOpoxKAaet} 
MoKpbiTHe caMoro A, HepBOM KOTOPOrO ABJIACTCA 3AMKHYTHIM MOKOMIIJIEKC! 


romomopdu3m J: Viy4 — VA. Snumopduoctb ero csekyer u3 sMHMOpdHOcTH) 
COOTBETCTBYIOINero OTOOpaxKeHhaA rpynn OecKOHeYHbIX IWHKJIOB. 


Jjokaxkem ero MoHOMOpdHocTb. Mtrax, Ju? ~0 B A; wu? nexKUT Ha zc, 
Ju? —na o,. Ilo ycnopnto, cyuecTByeT TNOKpbITHe @, BIMCaHHOe B @,, Hi) 


cBur a , Takue, 4TO ro JuP = 0 Ha @. Ilo teopeme Uexa, moxppiTuve 
Tv 
MOXKHO MpOAOMMKUTb TO NoKpbITHuA Q HeKOTOPOH OKPecTHOCTH  TAaKOTO, 4TO 
HepBal w» H Q u30mopdHpl. Bri6epem Q, Kpome Toro, BNOHCaHHbIM Bt. CyBur 
Q 
®; B CMY ecTecTBeHHOro H30MOpdu3Ma @ MH QQ MOX%KHO paccMaTpHBaTb Kak 
cupur ®®, TouHee, Kak Oe Ilostomy nZJu? = riu?. Bo3sbMeM TpHaHry AMO} 
ec’ > Q muyoxectBa A. CyBur t’ B Q o603HauHM 5. Torga Or = Ba, — 
cuBur t’ Bt, H, CJl€QOBaTeIbHO, mtu? = none. Ho niJu? = 0 xa Q, cae- 
MOBATeIbHO, nt,UP = n&xe Ju? ~O0 Ha t, UTO H TpeOoBanOcD. 
r eo 

5. Tpynna A,,A. Beckoneyuplt A-uuksa wu” TpHaHryaauun t okpecTHocTH 

} MHoxecTBa A Ha30BeM C1a60 TOMOJOFH4YHEIM HY Ha t, uO,’ 


eC WAKI Ja", BbICeYeHHbI H3 UW" IpOW3BOJIbHOH KOHEUHOM OTKPBITOM noOZ-' 
Tpuanrynaineh Q, romoulorwyeH HyJIO Ha Q B OObINHOM cMbBICyIe, Jgu’ ~ 0.) 
Onepatop A-nogpasqenenun S?, rae +’ >, onpesenenuplit dopmysoit' 
Spx, te) = (x, t), t—nHocutemb ty B t, ABIAeTCA TOMOMOp(bu3sMom rpynnBt 
OeckoneuHbIx A-WMKN0B t B rpynmy GeckoHeunbix A-uuksoB +t’. TloKaxem,: 
uTo Sy} ABAeTCA H TOMOMOpPH3MOM cua6bIx rpynn romovoruit. | 

Ec t’—Tounoe nogxpasqemeque t, TO yTBepxeHHe o4eButHO. Bonee 
toro, S} B 3TOM culy4ae ABuIAeTCH M30MOpu3MoM. Ilostomy “3 cipaBeqn- 


BOCTH yYTBepKeHHA IIAt t Mt”, re t” — TOUHOe NoApasyzenenue +’, cule Lyet 
CIMpaBeJIMBOCTb JIA t HT’. 


[lo reomerpuyueckot semme K. A. Curuwkosa, cymecrayeT nocneqopaTesb- 
HOCTh T=% <1 <t?<... TOWHBIX MOMpasqenenui Tpvaurynaun t H To- 


CJI€OBaTeJIbHOCTb Qo © Qi, Geis Qe Gata) WK ek OHCUHELY NOJKOMIJIEKCOB, 
Aa‘oulux B cyMMe +”. Ilycrb Q—npousBombHbI KOHeUHBI OTKpEITHI non- 
KOMIIekc. CyulectByeT Takoe n, ¥TO Q CQ,. Ho ty —ToUHOe nowpaszene- 


iT 
Hue t, nostomy Jg,S7,u’~O Ha Q,y. Kpome toro, Q, —nomKomnaeKc at 
iT 
Tak ¥TO JQ,Seru’ ~O Ha Qn, oTKyMa H JQStu"~O Ha Q, T. e. Stu, =O. 
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| Ompexenenue. Qnementama rpynubt AzyA saBusioTca r-MepHble Gec- 
WkoHeUHbIe A-IMKJIbI TpHaHry sau oKpecruocreht A. JiBa waka u’ Et’, vo Ex? 
ic1a60 TOMOMOrH4Hb MeExXAY CoOOoM, ecu cymecrsyer Tpuanrysa- 
MA t, Culeqyioulad u 3a ct’ uw 3a tc’, npuyem Stu’ = Stu" ua 2”. 
hi i 6. Msomopdusam Vou = Asa’ A. Tlyers u? Gt — unka’ u3 V2.4; 
|.D"u? — jBOlCTBeHHbI eMy 3Be3JHbI WK. Ha OapveHTpuyeckom Mospasye- 
JI@HHMM t,. PaccmaTpuBas ero Kak OObIYHBIM HK, CaBHHemM D*u? ua t. Cym- 
}MapHbi onepatop o6osnauum D. Torga SDue ~ DSu?, rye cnepa S o6o3Hauaer 
jomepaTop A-NoApasyenenus, a cnpaBa S—onepatop V-nogpasyesenua u3 t 
}Bt > ite Tlostomy OCTaeTCH JOKa3aTb JIMIb Yt = A”—Pt — JBOHCTBeEHHOCTb 
\Tlyankape gaa cma6pix romosoruit. 

_ Tlyers Q — KoneuHbIi 3aMKHYTbIM TOAKOMIeKc TpHaHrynauuu t, a Q* — 
| CONPAMKEHHbIA My OTKPbITbIH MOAKOMIMIeKC KOMMVIeKca 1. Torga BepHbl 
‘COOTHOLUICHHA 


JqxD*t? = Dot DV ote = Ag-D*t?*, 


| M3 KOTOPHIX BbITeKaeT H30MOphu3M Vt =A"—Pr,, a BCeEACTBHE H30MOpdHOcTH 
Ar—Pt, u A"—-P?t HW HCKOMO€ PpaBeHCTBO, 


7. Asomop@uszm ARy?A = A” ?“B. PaccmatpuBaem TpuaHryJatHo + 
oOo _ pe 
OKPeCTHOCTH A MHoxecTBa A. IIpencraBum t B Bue t= U Qn; Qn, C Qnty, 
1 


rye Q, — KOHeYHbI OTKPHITHI MoAKoMMeKc t. BBoguM OOosHayenna: Jg uIiti= 


J 1 
= uf; Augt = 2f; uftt—uft! = xf. Tlononnenve M*\d apasetca Kom- 
MaKTOM, Jexamum B B. Cypunem wuKub 22 wu wenu xZ*? no TouKam B OvH- 


|xkaliuime Trouku M*\d. B pesynbrate cyBura, KaK JlerKO BHJeTb, MOomyyaem 


A-wHKn Cc KoMMmakTHBIM HocuTeem BB, Tu’t! = {2f, xf}. Jlerko mpose- 
psetca, uTO ecm uIt1 ~ 0 Hat, TO Tut! ~0 B B. InumMopduocth nomyyen- 
HOrO TOMOMOpdHv3Ma CJleAyeT H3 9TMMOpdHOcTH OTOOpaxkeHuA rpynmbi GecKo- 
“HeEUHBIX IMKJIOB Ha rpynly CHJIbHBIX B CMbICIe CHTHHKOBa TOMOJOrHil. 
 Tloxaxxem MoHOMOpdHocTb oTOOpaxenna I’. 
Ilyctp yuka Tu7t+i~0O B B.} [Ipeqnomaraem sce Wend CHMIVJIMILMaJIbHbIMH. 
‘Tlycrs Ay{*? = 2%. Tlneuxy cypura zf  2{ o6o3nauum rZtt, Mut moxkem mpen- 
“jonaratb, ¥To ona uexuT BHe Q. To anmkannoctu, una yft? — aft? — ugh 
TOMOJIOrH4eH HyJIO B OObIYHOM cMbIcNe B M", T. e. cyllecTByeT Takada KOHe¥- 
Haa wenb vft?, uro Avgt? = yft? — xft4 — uf". Cymectayer TouHoe mogpas- 
JIeneHwe t, TpHaHry AIM t TaKOe, UTO BCHKHMM CUMIMeKC tp, MepeceKaloululica 


(© HEKOTOPbIM CHMIIJIEKCOM [env oft? tenuKoM j@KUT Ha HeM. Bpiceyem u3 
uneuku v£'? Kycox, mexauluii Ha tz. Onepatop BblHecenua J mepecranoBouen 
c A. Bpiceyem 3aTeM 43 NOJyYeHHOH MJIeHKH KYCOK, JleKalllHH Ha No,pasye- 
nenun Q\” Bt, noxKoMnseKca Qye OnepaTop BbICeyYeHHA TOxe TepecTaHoBoueH 


c A. Tlostomy 


AI ayoh? = IS? Je, (yf? — oft — uf) = — J St,uk™, 


- 


T. e. J qoSe ut ~0 na Q, a cneqoBaTebHO, Jq,uk™ ~0 Ha Qp. 

TeopemMa OKa3aHa. 

Tlonb3yxacb JoKa3aHHOH TeopeMOH, MOKa%KeM HHBaPHaHTHOCTb Cvlefytoulero 
ONpeeeHHA JOKAIbHOK pa3MepHOCTH: 

Muoxectso A C R* yMeeT JOKaIbHYIO Pa3MePpHOCTb <r, eCJIH KO BCAKOMY 
OTKpbITOMy MHOxKecTBy U CR” moxHO Halira oTKpbiroe V CU Takoe, TO 
BCAKHM MCTHHHBIM WHK pasMepHocTH n— r—k, k >2, mHoxectBa V\ A ro- 
MonormyueH Hyo0 B U\ A. 

THM 


CkaxkeM, 4TO Calabi Y-lWuKA OTKpbiToro MoyMHOmecTBa A’ mHoxecTBa A 
UMeeT 3AMKHYTHIi HOCHTesb, CCIM OH JI@KHT Ha 3aMKHyTOM B A TO,MHOKe- 
erspe A’. Beakuii uuKat A’ C 3aMKHYTbIM HOCHTeJICEM MOXKHO NpOOJKHTb Ha 
Bcé A, No02%KMB paBHbIM Hywo BHe A’. IlosTomy, ecru ACR’, A’= AV, 


V CU, To BCAKH WMKI C 3aMKHYyTBIM HocuTesem A (] V aBsAeTed WMKJIOM C 
KOMIaKTHBIM HOocuTesIem B A () U. I[pumenaa Teopemy ABOMCTBeHHOCTH, MIpu- 
BOJMM OMpefeseHHe pa3sMepHOCTH K CulefyIOUeMy, HHBapWaHTHOMY: 

Muoxectso A uMeeT pasMepHocTbh <r, eCJIM. KO BCAKOMY oOTKpbiIToMy A’ Cc A 
Haligetca oTkppiroe A” C A’ Takoe, UTO BCAKHM ClaOblt Y-WMKJI C 3aMKHYTHIM 
HocHTeyiem A” pa3sMepHocTu r-+k, r > 1, TroMouOrMyeH HyJIO .C 34MKHYTHIM 
HOCHTeJIeM B A’. 

BpeqeHHas pa3MepHOcTb He CoBMayaeT C YpbICOHOBCKOH, KaK NOKagbIBaeT 
IpMep JjByMepHoro mMHOxecTBa B R*, He paspesaiolllero HUKaKOrO TpexMep- 
Horo iapa. 


MatemaTuyeckHi uucTHTyT uM. B. A. CrexnoBa Tloerynusio 
Axkazemuu »Hayk CCCP 19 II 1959 


HWMTMPOBAHHAA JIUTEPATYPA 


1K, A. Cutuukos, JIAH, 96, No 5, 925 (1954). 2 K. A. Cut wu ko B, Matem 
e6opH., 34 (76), 3 (1954). 
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Moxnuagn Akayzemuu wnayx CCCP 
1959. Tom 126, Ni 4 


MATEMATHKA 


P. ®. MATBEEB 


PEPYJIAPHOCTH MHOFOMEPHBIX CTALLMOHAPHBIX CJIYYAHHBIX. 
MPOLECCOB C MCKPETHbIM BPEMEHEM 


(IT pedcmaeaseno eas AN H. re ee 28° Il 1959) 


B pa6otax (, 4) BEIBEeHbI HEOOXOJMMBIe jqocTaTounpie YCJIOBHA | perysAp-- 
OCTH /l-MePHbIX CTAalLMOHAPHbIX CJIyYaHHbIX IpoOlecCOB MaKCHMaJIbHOrO pauHra: 
=n u panra m= 1. Huxe OynyT ycTaHoBsJeHbl HEOOXOANMBIe H OCTAaTOU-- 
Hble yCJIOBHA peryJIAPHOCTH MHOrOMepHOrO Mporecca paHTa m. IIpu 93Tomi 
eyULeCTBEHHO MCHONbsyeTCA Culelyiollad Teopema (CM. (?), Teopema 11): 
Teopema 1. Ymo6or cmaxyuonapnoui npoyecc x(t) = (x, (t),..-,Xn(t)) 
ola peeyAAPHblmM paHea m, HeOOXOOUMO WU Oocmamo4Ho: 

l. Cnexkmpanonole dhynkuuu F;; (h) abcoatomHo Hen pe PoleHol. 

_ Il. Pane mampuyo: cnexmpaaontx naomuocmett f (d) = || fy (YI (Fiz (A) = 
be dF ;; (4) / dh) paeen m noumu ectody. 

Il. Mampuya f (dh) Oonyckaem ee rE mM. @. | \)\' =O (h) OF Oe 
Mee (h) = oA) Gel 2, fhe arte — I, ,m; * (d) — conpaocennasn' 

K D(A); je (dX): AeAKIOMCA epanuunoLmt SHQUeHULAMU AHAAUMUUECKUX BHYmMpU' 
eounuuHoeo Kpyea MynKyuit Vip (z) (2 = pe-*) npu p—>1 Kaacca Hy (°). 

Hamme ycsopne, uMeromlee Ooslee ABHbILi XapakTep, UMeeT CJeAyIOulHH BUT, 
(ep. (?) » (4): 

Teopema 2. Jn moeo 4mobol n-mepHolli cmayuonapnolti npoyecc x(t) = 
= (x1 (t),...,Xn(t)) 6ola peeyanpHotm panea m, HeoOxodumel u Oocmamounor 
YCAoeuA: 

I, Cnexmpaaonote Pa Fj; (4) abcoatomHo Henpepolenet. 

II. Pane mampuyor f (A) = || fiz (A) || pacer m noumu ecrody, 

III. Cywecmeyem enaenout munop M(h) nopadka m mampuyet f (dh), om-- 
AUYHOLIL OM HYAA noumu ecrwody, u 


| log M(x) dh > — oo. 


—T, 


JLaa Ha lan hg eae as umo mampuya M(h) ecmo S= 


= || ie) iL pg=15 m, u odo3sHauum uepes Mir me Oemepmunanm 
Mampuyol Sip, nonyuarougtes samenoti eS cmpoku frp, Pp =1,...,M, Ha cmpo- 
Ky fip, p=1, 

IV. dasnath tet Oy = MirQh)/M(), t=m+1, ail kos nlite 


2paHudHolmu sHadeHUAMU ynKYyUt Kaacca N 5 npu nexomopow: 
o> 0. 

Jloka3aTeJbcTBO HeEOOXOAUMOCTH ycuoBult TeEOpeMB 2. 
Ilyctb MPOmecc x(t) perynapen panra m. Torga, Kak CJleqyeT u3 (°), Cyule- 
CTByeT rlaBHbiii MuHop M(A) Nopayka m Marpuitpl f(A), OTIHUHbI OT HyJIs 
nourw serpy. Ilyctb awa CnbeneeHnOcty ero maTpuiia 6yzeT || fer (A) II; 
Be b=), v.:. 5 Ms 

Paccmorpum mpomeccnr x(t) = (x, (t), REN Be i(C) == (Kas (E) ee 

.,X,(t)). HerpyqHo moKka3aTb, 4TO x) (t) TlOGHHEH. Upoweccy x) (t), 

TA3 


oTKya CulelyeT cymecTBOBaHve yHKMHH 8, (A), R= 1,..-, mM; i=m+l,..) 
.,m, Takux, 4TO (cM. (3), Teopema 6) 


m 


WO= Dd SMM WfeQ, if=m+1,....0; 


t3 k=1 


fir (h) = dy Ox) fre), jam Ply. eo, AS ee 
1=1 


Tak Kak «(¢) perysapeH, TO H3 Teopembl 1 cyleqyeT: 


fr) = Deon, tisl-.-ym, (2) 


pL 


Me p(X) —rpannunble 3sHayenna Aa c:pyHkwuH Ty, (z) Kacca Hy. 
M3 (1) u (2) nomyyaem 


Dd) Pin (4) Pep () = Dy Bex () D} Pep (A) Pep (A) = 
[4 p=1 


p=1 


=> (2 8:1) 1p (H)) Pep (Y)s i=m+1,...,n;k=1,...,m. 


p=1 ‘l=1 


Tlockompky muHop M (aA) =|[det||¢p,(A) ||] |?, p,g = 1,0--5m, oTsHuep 
‘OT HYJIA MOUTH BCIOAY, HMeeT MeCTO 


m 
D8 Grp (h)- =p.) ak =e wabiliel itt dete. 
t= 


Ecau o603naquth M (d)= det || pq(A) ||; P,g = 1,--.,, TO oTCIofa Nowy: 
Mjy(A) Miz (A) 
Mir) MA)’ iy 
l-f CTPOKM Ha CTPOKYy, COCTOAMLYIO H3 Gip(h),p = 1,...,m. Dynkuun My; (A), 
M (A) sBIsIOTCA IpaHHUHbIMH SHAYCHHAMH aHaJIMTHYeCKHX (PyHKIMM Kwacce 
Am, OTKYRa yHkunn 8;; (A) ABJIAIOTCA PpaHHUHbIMH 3HayeHHAMH Ja byHKuHe 
Kslacca Nom (cp. (*)). 

JlokasaTeAbCTBO JOCTATOUYHOCTH ycuOBUH TeopemEt 2. Pac: 
‘CMOTPHM CJlyyaliHEl mpomecc x(t) = (x%(t),...,Xn(t)), y KOTOporo cmeKkT- 
patbuble byHKiwu F;; (A) aOCOMIOTHO HeMpepbiBHbl, MaTPHIla CieKTpaJIbHbIX 
MJIOTHOCTeH HMeeT paHr m MOUTH BCIOLy HM CyulecTByeT rmaBHEt Munop M (x 
(lycTb, Id ONpeqeeHHOCTH, ero MaTputla ectb || fez (A) ||, &,2 = 1,...,m), 
-OTJIMYHDIA OT HYJIA MOUTH BCIOAY, TaKOH 4TO 


rd 


\ log M (x) dk > — co. 


yaeM, 4TO'0;; (A) = rae Mj, (4) nonyyaerca u3 M (A) 3aMeHOor 


—T | 


Ilycrb, Kpome toro, dyukunH My (A) /M (hd) = 0, Q); i=m+1,.. 
t=1,...,m, rae Mj (4) onpemeneHb! Brie, sABAAIOTCA [paHHYHbIMH 3Hade- 
HHAMH (yHKuH O;, (z) Knacca Ns, §>0. | 

HetpyQuo loKa3aTb, uo 43 ChOpMysMpoBaHHBIX BbIe ycnoBul (cp. (3)) 
‘ceyeT peryAPHOCTb Mpouecca x‘) (t) = (x(t), ... , Xm (t)) u cooTHOMeHHA (1). 
Kak uspecTuo (5), dbyHkiuu @,; (2) HMeoT BH 

BYP (2) 
Bi: (z) = Be 4 (84; 2) gi (2), 


“G14 


(1) (8) yen) met 
me Bir’ (z), Bir’ (Z)— bynkunu Basauixe, cocrapnennpie m0 HYJIAM, COOTBETCT- 
HHO mowtocam @,; (2); 


wT - 


d (81,2) = exp { \ log | (3) |, +2 an}; 


é 
eu 


=r 


Gu (2) = exp f{ = oe: oi] (ar)}, 


—ir = 
—t 


9; (-) — KOHe4HAA CHHryapHaa OOoOmeHHasA Mepa. 
Bpezem (yHKILHIO 


- 


D@= Il [LBP gre, 
t=m+] T=1 
rye 


qT 
ena 
ga (2) exp {\ = ** of ay}, 
ths . 
137,(+) — OTpHWaTebHaA YaCTb MepbI Gy; (-). 

@yxkuua D(z) — ananntuyeckaa upu |z|<1, wu ee rpanHynHoe 3HaueHue 
|D(e)|=1 maa nourw Beex 2’. Tlockonpky x(t) = (x, (t),..., Xm (t)) 
peryJIApeH, efO MaTpPHlla CMeKTPaJIbHbIX IJIOTHOCTeH JonycKaeT tbakTOpu3allHw: 


fer = Dd) pep (NO), & f=1,...,m. 
p=1 
Ilon02%«uM 
| in (h) D (e-*), i,k=1,...,m; 
| Wir (A) == 


I 
I 
3 
a 
= 


| DSA) doe), 
p=1 


Jlerko BHJeTb, 4TO 


fi Qh=DpdeOPpOa bb=doxcant- 


p=1 
Jlanee: 
| OM A=\ Dido) Par<oo; 
—n —r P= 


OTClOla CleqyeT, YTO CyHKUMH de (A) ABJIAIOTCA YPaHHYHbIMH 3HaYeHHAMH 


aHaJIMTHYeCKHX (yHKWHH Kwacca Hy, a mpouecc x(t) = (x, (f),...,Xn(C)) 
perysapex. 
' Marematuyeckuit aucTutyT um. B. A. Creksosa Tloctynuuio 
Akaylemuu ,Hayk CCCP 15 HI 1959 


WUTHPOBAHHAS JIMTEPATYPA 


1B.H.3acyxunu, JIAH, 33, 435 (1941). 710. A.Po3auno B, JAH, 125, Ne 2 (1959). 
% 10. A. Po3auo, Yen. mate. HayK, 13, B. 2 (1958). *N. Wiener, P. Masani, 
Teopua BepoxTHocTeli H ee mpHMeHenua, 4, B. 2 (1959). * H.W. Wpusauaos, [pannunpe 
CBOlicTBa aHanMTHueckHx cyHkuHH, M.—JI., 1950. 
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Jloxnann Akagemuu nayx CCCP 
1959. Tom 126, Ni 4 


MATEMATHKAS 


B. NNOHOMAPEB 


OB OTKPbITbIX OTOBPA)KEHHAX HOPMAJIbHbIX MPOCTPAHCTB ~! 


(ITpedcmaeneno axademuxom IT. C. Anexcandpoeoim 26 III 1959) 


1. B sro pa6oTe WoKa3blpaloTca Be TeOpeMbl OO OTKPbITHIX OTOOparxKe-! 
HuaAX (Teopempl | u 2) Mu AatoTcH ycuseHHA (Teopembl 3 u 4) paHee MoKasaH-| 
HbIX MHOIO (1) Teopem. TepmuHosorua H O603HaYeHHA Te %Ke, YTO B (?). ) 

Teopema l. I/ycmb — — HenpepoleHoe OOHOSHALHOe, COHOBPeMeHHO OMKPpol-§ 
moe U 3amKNYymMoe OMOOpaoKeHue HOPMAALHOZO Hpocmpancmea X HA HOpMaAo-{ 
Hoe npocmpaxncmeo Y c O6uKkomnakmunolmu npoobpasamu fy ecex mouex yEY.§ 
Toeda eduxcmeenHoe HenpepoieHoe omobpastenue Bf “exoecKO2o pacwupeHus } 
BX na BY, sensioweecn npodoaxeHuem omobpancenun f, OmKpolmno. | 

Teopema 2. J]ycmb @ npednoaorteHuu meopemot 1 06 omobpasenuu Ff | 
HOpMaNoHoe npocmpancmeo X Aeasemca PYyNKYWOHAAbHO samkHymolim *. Toz2da } 
QYHKYUOHANGHO 3aMKHYMO U Npocmpaucmeo Y . 4 

Teopema | sBMIAeTCH UaACTHbIM CJIyuaeM 1peJioxwKeHHA,  Kacatolulerocs } 
MHOPO3HauHbIX OTOOpaxKeHHH: 

Teopema 1’. ITycmo f—coeepwennoe cuArbHo HenpepoleHoe oOmKpelmoe } 
omobpancenue HOpMaAbHOzO Npocmpancmea X HA HOPMAAvHOe Npocmpancmeo | 
Y. Toeda eOuncmeenHoe CuAbHO HenpepbleHoe omobpascenue npocmpaxucmea 
BX na BY, senrntwoweeca NpodormeHUem omoOpanceHun f, OMKpelmo. 

2. JlokasaTesbcTBO Teopembl | onupaeTcA Ha IIpHBeeHHbIe HUXKe YCHJIEHHS | 
Teopem 1 u 2 padotn (1). Has0pem orToOpaxeHve ~) MHHUMAJbHBIM B 
JaHHOM Kslacce K = {9} MHOro3HauBbIX OTOOpaxKeHHH @ MpoctpaHcTBa X Ha 
MpoctpaHcTso Y, ecm Aa moGoro p€K u Beex x€X UWMeeM GX C OX. 


OueBHHO, ecIM B KJlacce K cyilkecTByeT MHHHMaJIbHOe OTOOpaxKeHHe, TO TOJIb- 
KO OJHO. YcuueHHe Teopempl | 3ameTKH (1), O KOTOPOM UfeT peub, 3aKJIIO- 
yaeTCA B CJIeJIOIleM. 

Teopema 3.-Ilycmo f ecmb Y-6ukomnakmnoe samKknymoe nenpepolenoe 
(MHOzOsHa4HOe) OMobpaocenue T,-npocmpancmea X na T4-npocmpancmeo Y .« 


AN ~ 
Toeda samkHymoe NenpepoigHoe omobpasceHue | = wf YoamaHoecKoeo paculu- 
pexus wX na WY, onpedenennoe no copmyaze 


ofe= nr Ds, Onan sso6oe0 —§ = {A} EwX, 
€ 


ABAACMCA MUHUMQAAHOLM 6 KAACCE BCEX 3AMKHYMbLX NPOOOADKEHUL o: WX —> wY 
omobpancenun f. | 


* Boone peryaapHoe MpocTpaHcTBo X HasbipaeTcs (pyHKUMOHaIbHO 3aMKHYTHIM, eCJIH 
He CyllecTByeT HMKaKOrO pacuiMpenus X MpoctpanctBa X, Ha KOTOpoe Morsia 6bI ObITb He- 
MPePpbIBHO TIpOMOKeHa BCAKAaA HeMpepHIBHAA AelCTBUTebHad PyAKUNA, ONpeseneHHad Ha X. 
PYHKUMOHANHHO 3aMKHYTHIe WpocTpancrTBa ObIVIM BepBble BBEeHBI (oq Ha3BaHHem Q-mpo- 
CTpaHCTB) aMepHKaHCKHM MaTeMaTHKOM XbIOHTTOM HM M3y4aJIMcb MHOTHMM aBTOpaMH (CM., 
Hallpumep, (3,4)), [na Hac ocHoBHOe 3HadeHHe HMeeT CleLyOuuH KpuTepni (yHKUMOHaNb- 
HOH 3aMKuyTocTH (cm. (8)): Aaa TOTO YTOOH X Obin0 byHKNHOHAABHO 3aMK-= 
HYTBIM, HEOOXOAUMO H ZOCTATOYUHO, YTOOH AAA KAKDOHTOUKH Boe BX\X 
cyMecrpoBantanenpephBuaad Ha BX PYHKUNS, paBHaag HY 110 B TOUKE 
fo H NOJOKUTeTbHAS BO BCeX TOUKAX XEX, 
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 Ycwsleaue Teopempl 2 padotst (1) jaeTca cue_yoMuM mpessloxKeHHeM 
IB HEM BBIJeJIeHbI paspAAKOM yTBepxXeHHA, HOBbIe TO CpaBHeHHIO Cc (1)). 

_ Teopema 4. ITycmop X,Y —npocmpaucmea 6auszocmu; vX, vY —coom- 
HEINCMBYIOLUe UM OUuKOMNAKMAbIe pacuupernun. BcaKkoe CUAbHO pasHomMepHoe 
46 cmolcae (*)) Y-6uxomnaxmunoe omobparxcenue f: X—>Y Oonyckaem edun- 
SMBEHHOE CUALHO HENpepoleHoe npodorocenue vf: UX >vY. Omob paxe- 
hue Uf A6AHEMCA NPU IMOM MUHUMAALHOLM 6 KANQACCE BCeEX 
aAMKHYMoLX NpodoAMHenHUL op: UX->vY OMObpaxeHua f. 

Ilyctb Tenepp X u Y —HOpMasbHbIe MpocTpaHcTBa. PaccmaTpuBaeM B HHX 
raK Ha3bIBaeMyl0 2JIeMeHTapHy!o Ous0cTb (°). Torga, 10 oKa3aHHOMy B (4), 
epeau Y-OMKOMMAaKTHBIX OTOOpaxKeHHH CHJbHO paBHOMepHble (B CMbICJIe 9TOL 
JIeMeHTapHOL OM30CTH) COBMaalOT C CHbHO HEMpepEIBHEIMH HU, CJIeOBaTeJIbHO, 
<axKOe CHJIbHO HellpepplBHoe oTOOpaxkenue f: X —Y omyckaeT eAHHCTBeHHOe 
Ipoqoumkenwe B oTOOpaxkenne Bf: BX =wX—>BY =wY, u 9TO OTOOpaxKeHne 
MOBNaLaeT C wf. 
| 3. Ilepexoqum kK jOKa3aTempcTBy Teopempl |’. JJoKaxeM, 4TO B yCJOBHAX 
TOM TeOpeMb!l OTOOpaxkeHue Pf = wf MmpocrpancTrBa wX =8X Ha wY = BY 
HBACTCA OTKPBITHIM. J] IHX STOFO TOCTATOUHO MOKa3aTb CHJIbHYIO HEIIPepbIBHOCTb 
pOpaTHoro oTOOpaxeHuaA (wf) 4 = wf! (cm. Teopemy | pa6otnt (*)). Ho oTo- 
)paxkenve f+ Kak OOpaTHOe K OfHOBPeMeHHO OTKPHITOMy HM 3aMKHyTOMy f 
-WJIbHO HEMPepbIBHO, TOITOMY CHJIbHO HeIIpepbIBHbIM OyeT MH ero MposouKeHHe 
ft =f, aro M TpeGoBasocb oKa3aTb. 

Teopema 2 cJleqyioujuM 06pa30M BbIBOJMTCA H3 Teopembr |. 
Jiemma. Ilycmo X — npouszeonrbHoe T,-npocmpaucmeo u {A} — e2o enonne 
Wenpepolenoe (7) pas6uenue Ha OuKomnaKkmHole mnoscecmea AC X. Ilycmo 


“— HenpepolsHan Oelicmeumeronaa dynkyua Ha X. Toeda gdyxKkyun 9(A) = 
ae?) ecmb Henpepolenaa MynKkyua Ha npocmpancmee Z pasduenus {A}. 
xG 

| Jloxa3satTeapbcrTso. Ilyctb (Ay) — mpou3B0bHaa TouKka Z. IlycTb JaHo 
NpousBoybHoe ¢ > 0. Jina Kako ToukKH x€A) MO HeMpepbIBHOCTH (PyHKILHH 
(x) BO3bMeM Taky!0 OKpecTHOCTb Ox, uToObl Ama x’ € Ox umeno mecto | f (x)— 
— f (x’)| <e. H3 noxpsiraa {Ox} OukomuaKta Ay BbIeIMM KOHeYHOe MOANO- 
KpbiTHe & = {Ox,,...,Oxs}. O6Oo3sHauaem uepe3 O (Ap) MHoxecTBo Tex AE {A}, 
| Ss 


OTOpble mepeceKaloTca c KaxkybIM Ox;€a Hu nexaT B a= U Ox; Tak kak 
i=1 


OJIO2KUM 
(Ao) = min f(x) = f (35) = Mo 


(A) = min f (x) = f (*4) = ma. 
xEA 


Hayo a8 npousBombHoro (A)€O(Ap) HoKa3aTb HepaBeHCTBO 
My —E< Mma <M) + 6. 


a) Tak Kak (A)€O(A)), To qaa moOok ToukH x€Ap, B YaCTHOCTH AAA 
C HaligeTca TouKa x',€A taKxaa, ato | f (x*)—f(x,)|<s. CaegoBarebuo, 
Ma <f (%4) <P) +e = mo +e. 

6) [na Touxn x*,, rae f(x%,) = ma, BOsbMeM Taky!0 TouKy x €Ap, yTOObI 
f (x",)—f(x)|<e. Torga ma =f (x,)>f(x)—e>m—s. Jlemma joKa- 
3aHa. 

Jloka3saTresabctTBo Teopempl 2. IIo Teopeme 1 oTroOpamxenue mpo- 
[OJKaeTCA B OTKPbITOe HelIpepbIBHOe OTOOpaxkenHe Pf: PX — BY, Mpuyuem, Tak 
<ax f copepulenHoe (1), To Bf = wf aABaeTCH [BYCTOPOHHHM TpogosmKeHHeM (*), 
iro osHayaer Bf (BX\X) = Bf (BYNY). [lycte yo €BY NY. Torna (Bf) = 
= Ay <BX\X, u, Tak Kak X *YHKUHOHaMbHO 3aMKHYTO, TO cyulecTByeT (*) 
117 


HelipepbipHan Ha BX dyuKuna e(€), KoTOpad B HEKOTOPOH TOUKe (MPOH3BOUB-| 
HOH) &)€A, paBHa HyJIO, a B TOUKax X mMosoxKUTebHa. Tak Kak pasOneHHe| 
{(Bf) y = A}, nEBY, coorBercrByroulee OTKPbITOMy OTOOpaxeHHtO Bf, BMOJHE| 
HempepbipHo (cm. (?)), To dyHKuna E (A) = E(y) = fueieaD HelipepbiBHa Hé 


i 


npocTpauctnse Z==BY, paBHa HyJIO B TOUKE Y= (Ap) H MOJOKUTeMbHA E| 
TOUKaX MpocTpaHcTBa Y, oTKyjla cslezyerT (°), uro Y PYHKWMOHAJIbHO 34MKHYTO.| 
B cBxA3H C JOKa3aHHbIM BOSHHKAIOT CJIeyIOUHe BOMPpOcn!: 
1) MoxHo mH B (opMysupoBKe Teopemp! | (TeopembI 1’) OTKa3aTbCA O17) 
OHKOMMAaKTHOCTH OTOOpaxKeHHA f? . 
2) CoxpaHsetca JIM CYHKI[MOHaJIbHaA 3aMKHYTOCTb MPOCTpaHCTBa NpH CO-) 
BEPUICHHBIX (HO H€ OTKPBITbIX) OTOOparxKeHHAX ? 


Hoetynuao 
22 III 1959 


UMTHPOBAHHAA JIMTEPATYPA 


1B. TloHomMapes, JAH, 124, Ne 2, 268 (1959). 2B. NMonomapes, Ycnj 
MaTeM. HayK, 12, B.4 (76), 335 (1957). 3a) S.Mroéwka, Bull. Acad.Polon., Cl. III, 4, 947 (1957) x 
6) S. Mréwka, Bull. Acad. Polon., Cl. III, 6, 365 (1958). * A.A. KyO6euckuitg 
JIAH, 117, Ne 5, 748 (1957). &Tl. Anexcaugapos, B. louomapes, JAH} 
121, Ne 4, 575 (1958). 
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Aoxnagn Akagemun nayx CCCP 
1959. Tom 126, Ni 4 


MATEMATHKA. 


A. C. WIBAPL 
O POAE PACCJIOEHHOrO MPOCTPAHCTBA 
(JT pedcmaezeno “axademuxom I]. C. AnekcanOpoeeim 27 II 1959) 


| ee MOJIb3OBaTbCA TEPMHHOJOrMeH H OOOsHayeHHAMH 3aMeTKH (1). Ilycrp. 
= (E, B, F, p)— paccloenHoe mpoctpaxctso c 6a30H B, cnoem F u mpo- 
be p: EVSep, Yepes Z o603HauuM WHIHHp oTro6paxkenusa p (cM., Ha- 
mpumep, (°), crp. 13), uepes a: ExJ—2Z—ectecTBeHHoe oTOOpaKeHne: 
MpouspeyeHua Mpocrpauctsa E u otpeska J = [0; 1]. B Z. Uepes i: E>Z ui 
j: B—Z oOo3Hauaem ecTecTBeHHble BJIOKeHHA MpocTtpaucTs E u B B Z, on- 
peqensempie (opMy.iamu i(e)=a(e, 1) u j(6) =a(p1(b), 0). Uepes f: Z—>B 
o603HauHM oTOOpaxKeHHe, onpefeimemoe dopmysion f (a«(e, t)) = p(e). Uepes. 
.Z’ o603HauuM MmpoctpaHctBso ZNi(£). Oro6paxenua f: Z>B uf: Z’'>B 
ABIIAIOTCA, OYeBHAHO, paccJIOCHHAMH CO CJIOAMH COOTBeTCTBeHHO II (F), 
uw Il’(F) (snes II(F)— mapamuza nan cnoem F, a MII'(F)= 
=H(F)\F x1). Paccmorpum tenepb oTo6paxenue fp: Z*—> B” (nonaraemi 
X"= Xx... X) u BBegzem o6o3Hauenne E, = Gi NSe A fa’ (d(B)),. rae 
d: B—> B® — quaronambuoe BlomeHHe; d(b) = (0,. b). 

Orto6paxenue t,: E,—>B, t= d- Lys ABIeTCA " paccsloenHeM. 3To pac- 
cmoeHHe 6yzeT O603HauaTb Bp. Croem paccnoeHHA BS, ABJIAeTCH. MpocTpaH- 
\etso F, = I (F)*NII'(F)*. Jlerko npopeputs, uro mpoctpaHcTBo F,4; ro- 
| MeomopdHo coequHenmio (join) F,*F; npocrpancts F, u Fs (°). 
Teopema 1. Paccaoennoe npocmpaxcmeo %=(E,B,F,p) mozda wu 
_MoAbKO mozda umeem pod <n, Ko2eda Y paccaoceHHo2o npocmpancmea By = 
14 (En, B, Fn, Tn) Cytuecmeyem cekyujan noeepxHocmo. 

TloxasatembcTsBo. Ilycth g(®)<n, T. e. cyulecTByeT OTKpbITOe No- 
kppitve B,,..., Bn Oa3sbl B, Hay, Ka&KAbIM M3 MHOXKECTB KOTOPOrO cylecTBy- 
er cekyllan nloBepxHocTs g;: B;—- E paccnoenua %. Toctpovm cuctemy Ay... 
s+, Mn DelicTBuTenbHBIX (byHKUMH Ha Mpocrpanctse B tak, YTOObI BbINONHSA- 
“ace ycopua: a) O<A; <1; 6) A; =O BHe MHomecTBa B;; B) B Karol 
-touke x€B gna wexotoporo i d@yukuua A; (x) = 1. Una kaxgoro i (lic 

<n) ompeyenuM cekylly!o MOBepxHOcTb ,; paccnoenunf: Z—B c_ mMomowpio: 
dbopmyr ¢;(b) = « (9; (0), h;(6)), ecnu DE B;; $;(6) = j (0),. ecmu Conus ane 

Opaxenue $: B-—>Z", onpemensemoe dopmysnoh (6) = (d1(0),...,bn(b 
OUeBHIHO, yMOBseTBOpseT yculoBuIO $(B)C E, H, CJeqOBaTeJIbHO, safer uy 
KYULYIO TOBEPXHOCTb paccJIOCHHA Bp. 
O6paTHo, ycTb y paccloeHuA B, CyulecTByeT CeKYIlad NOBepxXHOcTb ¢: 
B—-E,c Z". O603HauuM yepes o;; BZ oToOpakenve ¢; =, roe diz 
2" —> Z — Tipoekna Z" Ha i-H COMHOXKHTeb. PaccMOoTpHM MHOxeCTBa B; 
(l<i<n), cocrosmjue us Tex Touek DEB, Ana KoTopbix ;(0) Ej (Bb). 
| Fan KaxKJIbIM H3 MHOxecTB B; cCyllecTByeT CeKyUad MOBeEPXHOCTb ;, OMmpe- 
jenseman dbopmysoH %;(b) = «(9;(0), 4; (d)). 
Jlna riaBHbIxX paCCJIOCHHbIX MpOCTpaHCTB OKa3aHHad TeOpeMa SKBUBAJIeCHT- 
Ha Teopeme 5 3aMeTKH (?). 
CopeplieHHO aHaJOrHyHO MOXKHO OKaSaTb CeLylolllylo Gosee oOuLyto: 
TeopemMy: 


Teopema I’. g (Bn) =[(g(B) +2—1)] i" 


TAY 


TIpegnonoxum, uro cow F paccnoeHHoro npoctpancTBa % aciepyeHr 
pasMepHocTax <s, a 6a3a B sBasercad momMaqpom. OdosHayuM yepes § 
€ Hs+1(B, H;(F, Z)) xapaktepuctuuecku Kmacc paccuoeHHa B (See Kylacc Kor 
MOJIOrH C KOSPPHILMeHTAaMH B JOKaJIbHOM cucTeme, OOpas0BaHHOW rpynma 
romojoruli H;(F, Z)). pu s>1 Ksacc € ompeqeseTcA Kak NepBoe Npela 
CTBHe K paciipocTpaHeHMio ceKyllel MOBepXHOCTH; pH s = | u s =O nocTpoe 
Hue Kacca £ MpOBOAUTCA Cc MOMOMIbIO aHalOorHyHOH KOHCcTpyKuuH. (Kor 
col F Hecpaseu, T. e. s=O0, nom Hy(F, Z) cueqyeT NOHHMAaTb TIpPHBeer 
HYIO HYJIbMepHylo rpynmy romosorult.) HerpyaHo npopepuTb (cM. (*)), 4TO Mp 
CJl@I@HHbIX BbILUe Mpemmosox*KeHuAx WpocTpancTBo Fy, actbepH4HO B pa3sMepHC 
cTAX <(s+1)n—I1 4 


Histayn—a (Fn Z) = Hs (F, 2) @-.- @Hs(F, 2). 


(U3 sroro yrsepxKzeHua u Teopempl 1 yxe BbITeKaer Teopema 2 (’).) 

Teopema 2. Xapaxmepucmuyeckuti kaacc &(n) € HSt+)” (B, Hs (F, Z) ®.. 
...@As(F, Z)) paccaocenun BS, onpedeanemca dopmyaoi &(n)=EUEU.. 
-+-U6E 


Ilo mpoussemenuem a«{J8 KsaccoB Koromomorni a€H?(X, M) u Bi 
€H97(X, N) 3necb NWoHHMaetca Ksiacc us HP+7(X, M®@N). AnanorvyHo cum 
TaeM, ITO a@BE HPt7 (XxX, MON). ; t 

TlokasatTeubcTBo. Ilyctb ¢—cekyllad NOBepxXHOCTb paccuoeHHA B 
3aJJaHHad Haj, S-MepHbIM OCTOBOM Oa3bl B, B3ATOM B KAKOM-JIHOO KJIeETOUHON 
pasOvenuu. IlpoyqomKuM CeKYILyIO NOBeEPpXHOCTb YB CeKyLLyIO NOBepxHOocTb @ 
paccyioenua Z->8BH, 3afaHHyio Ham Bce Oa30H B, u paccmMoTpHM ceKyULyK 
mopepxuocth @, paccioenua Z"—> B”, onpefenenHy!o dopmyson OD" (d,,.. 

sous Oa a=—= (DAD;)  cpepoqe D Oa) 

ByyeM cuvtatb, uTO nomHaap B" pa3s6uT Ha IpAMble Mpou3BeAeHHA KJIeTOR 
“3 KuleTOUHOTO pa30veHHA Tomuagqpa B. Torga oTroOpaxenue ", kak serKe 
BUJeTb, OllpeseaeT CeKyMyloO MOBepXHOCTb $, paccuioeHua Z"\ Z'"—> Bi 
Ha BceM (7 (s + 1)— 1)-mMepHpimm ocToBom nosmazpa B" vw Hay Temu n(s + 1), 
‘MepHBIMH KJIeTKaMH TlosmMapa B", KoTOpble He HMEIOT BUa o,X...Xon, Pye 
3; —(s-+ 1)-mepHas KueTKa nlomuagpa B. Ecnm x[y(n)] —Kowuka, saBmaw- 
WHHCA TIpeuATCTBHeM K PpaCIIpocTpaHeHHlo CeKyileH MOBepXHOCTH P (COOTBET- 
CTBEHHO $(n)), TO HeTpyqHO yOequTECA, 4TO y(n) =x@®...@x. Nepexoga 
K KslaccaM KOrOMOJIOrHH HM 3aMeyuad, 4TO §(n) =d* y(n), rae (n) —xKaacc 
KOrOMOJIOrHH KoWuKIa y(n), d: B— B"— yuaronambHoe BOKeHHe, Mowyya- 
€M YTBep)K]@HHe TeEOPeMbl. 

SaMeTHM, 4TO W3 TeopeMbl 2 BbITeKaeT, UTO B OOO3HAUeHHAX 3ameTKuH (1) 
E(n, G) =&(1, G) U...UE(1, G). TouHo Tax xe, Kak Teopema 2, joKa3bI- 
BaeTCA CuJlefyloulee TpelomwKenve, B KOTOPOM Ha cIOH F paccnoeHua B = 
=(E£, B, F, p) yke we HadaraeTca HuKaKWxX OrpaHHuenui, a 6a3a B cun- 
TaeTCA TMOJMSpOM. . 

Teopema 2’. Ecau xaaccot Kkoeomonoceuti ECH*(B, te4(F,)), nE 
GH'(B, m1 (F's)) peanusyiomca Kak npenamcmeun K pacnpocmpaneHuto 
CeKYWUUX noeepxHocmetl CoomeemcméeHHO 6 paccaoeHunx B, u Bs, MO KAACC KO- 
20MONOLULE ; 


AUK ise lana yee TetI—1 (Gapete sy) 4 


peanusyemcA Kak npenamcmeue K pacnpocmpanenuto cekyijeti nosepxHocmu | 
6 paccaoeHuu B45. ‘ 
CnapwBanue tg_,(F,) W my-1(Fs) B tpysy (F;+4s), © MOMOLIbIO KOTOpOrO | 
onpeyeseTca npowspeyenne EU, CoBmagaeT c BBegeHHO J>Kelimcom (3). 
onepallHeH COeMMHeEHHA py ty (F) W ty_y (F's) Btey1-y(F,* Fs) (danloMHEM, 
uTo F,4; romeomopduo coezuHenuto F,* F,), . 
Onpemenenuue 1. M[auHot  paccnoennoro poctpaucTtpa B= 
= (E, B, F, p) (o603Hauaem long (%)) Ha30Bem HaMOovIbuee UCI N, JIA KOTOporO 
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pyilectByeT nm KJlaccoB koromoviorHH &,€H(B, A;),.--, &&€AH(B, An), yaoB- 

eTBOPAIOULHX YenOBHaM PE: =0 (1 <i<n) uw &U..-UEs#O (anech Ap— 

lOKaJIbHbIe CHCTeMbI aOeJleBbIX Tpynn Ha mpoctpanctse B, Ba é 

|} H(B, A, @...@ A,)). re Bey pee ee 

_ C tomonmpio sToro onpexeseHus Teopema 4 3amerKu (4) MoxeT ObITb ccpop- 

JYTMpoBaHa CeAYIOUWLMM OOpa30M (Cc HeEKOTOPbIM YTOUHeHHeM): JIA sO6oro 

paccAOeCHHOrO lpocrpaHcTBa g(%) > long(%)-+ 1. Iro HepaBencTBo serko 

HOJLYYHTb TaK2Ke H3 TeOpeMpE! |. 

| Teopema 3. IIycme caoti F paccacennoeo npocmpancmea & acgbepuuen 

_pasmepHocmax <s(s>0), a 6asa B seasemcn (s+ 1)n-mepHoim noau- 

pom. 

Toeda credyrouue YMBEPICOEHUA SKEUBANCHIMHEL: 

D(a) i 

6) long (BS) = n; 

| 8) E"=0 (sdeco EC HS+1(B, H, (F, Z)) — xapakmepucmuueckuti kK aacc 

PacchoeHun %, E°—El)...UE). 

| B caMoM jlese, 43 Teopembl 2 BbITeKaeT ZKBMBAJICHTHOCTh YyTBep2KJeHHA 
HB). UroObl 3aBepIWHTb WOKa3aTebCTBO, JOCTATOUHO 3aMETHTb, YTO H3 

TBEPKEHHA B) CuleqyeT yTBep»xeHHe 6), a u3 6) cmemyer a). 

_ [ipumenssa teopemy | 3amerku (1), werko mojyuuTb u3 Teopembl 3 yKa- 

anuble VW. BepuireiHom HeoOxogHMble MH JOCTaTOUHbIe yCJIOBHA A Toro, 

TOObI NOJMa4p pasMepHOCTH sn, actepuuHbIii B pasmMepHocTax <s (s>1,) 

yMeJI KaTeroputo n-- |. 

Teopema 4. TIlycmo (E, B, F, p) — paccacennoe  npocmpancmeo; 

3, Bt omKpolmole nodmHoscecmea base. B makue, umo B,UB, = B. 

Toeda 


long (E, B, F, p) <long (p™ (B,), Bi, F, p) + long (p™* (Ba), Be, F, p). 


| Onpegesenuve 2. ToMomorwuecKuM pOOM IsaBHOrO paccJio- 
HHOrO IIpocTpaHctTBa B = (EL, B, G, p) (o6o3Hauaem / (B) HasplBaeTcA HAHMeHb- 
iuee UMCIO N, WA KOTOPporO HalyeTcA Kacc KoroMoJiorHH x € H(Ba(G), A) 
A— soKaJibHaA cCHCTeMa KOS@PHIUMeEHTOB), YOBJIETBOPAIOMIMH yCJIOBHAM 
*(x) £0, 9%, (x) = 0 (oO03Ha¥eHHA Te 2Xe, UTO B 3ameTKe (?)). 

V3 Tteopempt 5 3ameTKH (+) BbITeKaeT, 4TO g (B) >A(B). 

TlonaTve romosioruyeckoro powa NpecTaBsaeT HHTepec ipexe Bcero B CJy- 
ae, Korga rpynna G juckpeTHa (B YaCTHOCTH, KOrfa paccjloeHHe B= 
=(E ,B, G, p) ABAAeTCA peryJAPHbIM HakpbITHeM). B sToM CJlyyae eCTeCTBeEHHEe 
rOBOPHTh O pose MpOcTpaHcTBa OTHOCHTeMbHO MecTByloluei B HeM O€3 He- 

OJBHXKHBIX TOUeK rpymnpl (cM. (*)). Mbt coxpaHHM, OHakO, TepMMHOJIOrHIO 
We ioceinax mpoctpaucTB. B jaibHeliwem OyyeM paCCMaTPHBaTb TOJIbKO 
‘aBHbIe paccJIOeHHbIe Upocrpanctsa B = (EL, B, G, p) c quckpeTHou rpynnoi G. 

Teopema 5. Jas enrasnoeo paccacennoeo npocmpancmea B = (E, B, G, p) 
> Ouckpemuotl epynnoti G caredyrouue ymeepocOeHUA aKeueaAeHMHbI: 

a) h(®) <n; 

6) Onn mo60e0 Kaacca Koeomonceuti x€ H"(G, A) umeem 9° (x)= 0; 

B) 9 &(n, G) = 0; 

yeas | s.?, Ue 0s i 

Ecau 6a3a B seasemca noausdpom, mo Kaxd0o0e us amux ymeepocdenutl 
KEUCANEHMHO CAeOYyrOlemMy: ; 

a) Oana so60e0 (n —1)-mepHoeo nodnoausdpa B Oasbl B poo paccacexun 
8’ = (p1(B’), B’, G, p) ne npesocxodum n (m. e. g (B’) <n). 

3necb A —aGeuepa rpynna, B KoTOpoli AelicrByer rpynma G; H"(G, AVS 
pynma KoromoviorHii rpyumbl G c KosppulHeHTaMH B A B CMBIcJIe QveK- 
epra — Maxuelina; ¢: H"(G, A)—H"(B, A) — xXapaktepucTuuecKoe OTO- 
jpaxenne; &€ H1(B, /) — xapakTepHCTMuecKHH Kulacc paccOcCHuA % (/—npu- 
eeHHad HYJIbMepHad rpylla rOMOJOrHK TOMOJOrMyecKoro npoctpancrsa G); 
jlacc KoromoyorHi E(n, G)€EH"(B,1®...@ J) ompeyesen B (); 


4 
\ 


— 
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Tloka3aTeAbCTBO. IKBUBAJeHTHOCT yTBepxKLeHuH a) M 6) Hemocpe) 
CTBCHHO BbITeKaeT 3 ONpeyesienud 2, a 9KBUBAJICHTHOCTh YTBepxKeHuH B) 
r) u3 cooTHowenni &(n, G)=€(1,G)U.--UE(1, G), E= p E(1, G). 

IKBUBAJCHTHOCTb YCJIOBHH 6) HB) BbITeKaeT M3 CeMyroulero MpocToro aur 
Opanyeckoro HpesoxKeHHA: IA smOOoro Ksacca Koromosioruih x€H"(G, / 
HaliqeTCA TaKOl OfepaTopHblli romMomopdu3sm p: 1@...@ I—A, uTo aa 
YH yuMpoBaHHoro uM romomopdusma pw": H"(G, 1@...@1)—-H"(G, A) 9 
jleT HMe€Tb MeCTO paBeHcTBO p'§(n, G) =X. QIKBHBaJIeCHTHOCTb yTBepKeHH 
a) MW Ql) BbITeKaeT u3 Teopembl 7 paGorbl(') HM Cyeqyloulero O4eCBHHOI 
dbaxra: ecm h(%) =n u ecan By—(n—1)-mepupm octop mowMenpa B, 1 
h(p(B;), By, G, p) =n. an 

Ecau mpoctpauctso B He ABJAeTCH MOJHSIPOM, TO ye B CJyyae, KOr} 
B—yeymepupili KomnakTt, G=Z um G=Z,, h(B)=2, Boodwe rosop: 
Heb3A HalifH Takoro 3aMKHyToro MHOoxecTBa B’ CB, uto dim B’ =) 
g (p-3(B’), B’, G, p) = 2 *. | 

Teopema 6. IJIycme (E, B, G, p)— enraeHoe paccaoenxoe npocmpancme 
c Ouckpemnoti epynnoti G; By u B,—makue omKpolmole nodmHostecmea 6a3 
B, ano. By |) Barb: 


Toeda 
h(E, B, G, p) Sst ( pom (B,), B,, G, p) fie h(p (Bz), Bz, G:, p). 
BopovkexkcKHi TrocyJapcTBeHHbIit Tloctymu0 


yHUBepcuTer 17 II 1959 


UMTHPOBAHHAA JIMTEPATYPA 
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MATEMATHKA 
| ‘As Be MMPAYCy, gan Sr ee eee 
| 0 TEOPEME YMHO)KEHHA XAPAKTEPHCTHYECKHX evHKni 
JIMHEMHBIX OMEPATOPOB : 


(Tipedcmcereno. eee uKoM te Ge. Anexcandpocsim. 16 I 1959) - 


qi > : ‘ . i 

| B tTeopun xapaxTepucruueckux yHKUMh JMHeHHEIX OnepaTopoR BaxKHYt0 
OJlb MTpaeT Tak HasbiBaeMand TeOpeMa YMHOXKEHHA, . KOTOpad Oblsia  yCTaHOB- 
weHa B page paOor. ya cllenmenuli orpannueHHElx onepaTopos TIpH  pasvinu- 
MbIX JONOJHUTEIbHBIX yCNOBUAX (1-8), B npenplaynyert 3aMeTKe aBTopa (°) 
)bIIO JaHo onpeeseHne XapakTepHcTHyecKOH yHKILMM MpOnSBOMbHOrO. M0T- 
(0 3afaHHOrO JIMHeHHOTO ONMepaTopa,B TrusbOePpTOBOM MpocTpaHcTBe, oOvlajato- 
PlerO HeIYCTbIM MHO2KECTBOM: pery,JIApHbIX TOWeK. Teopema yMHoxeHusA yera- 
: HaBJIMBAeTCA B HacTosmeli 3amMeTKe Jia onpesleneHHoro Kaacca cer ieHHit 
baKHx onepaTopos. IIpeypaputenbHo BbISCHAeTCH BOTIpoc ' O crpyktype aTUX 
eueneHnii. Kpome Toro, B Hacrosmel paOore BBOAMTCA TMOHATHE OOobmleH- 
HO XapaKTepucTH4ecKOH PYHKUMU NPOMSBOJbHOrO OrpaHHveHHOrO JIMHeHHO- 
Oo OlepaTopa, YTO NO3BOJIAeT yCTaHOBUTb TeCpeMy YMHOXKECHUA XapakTepHcTH- 
€CKUX (YHKILMH B Cylyuae OrpaHMYeHHBIX OnepaTopoB 6e3 KaKHX-IM60 Jlo- 
IOMHUTEAbHBIX YyCJIOBHH. 

| 1. Ilyers A— 3amKuyTei suHenubilt onepatop B ruJibOepToBom lpocTpaH- 
ttpe H c oOsacTbio onpegenenun Da, naoTHOK B H. TMpefnnonoxum, :uto A 
pOlaqaeT HeEHYJICBbIM MHBapHaHTHbIM MosMpcctpancrBom H, Cc H, fH, H, 


iipwuem Da Q Hy, = Ay. UWonoxum 


iT 


A, i A IDAnth 


iM Oyem paccmatpuzats A, Kak onepatop, jelicrByiomuii BH, *. Ox, oue- 
f 

BUHO, 3aMKHyT. [lonoxum H, =H © Hy. Onepatop NPOCKTHPOBaHUs B HT 
Ha H; (j = 1,2) o603Hauum’ uepes P;. Bpegem B paccMoTpex He “onepaTop Ay 
Ho. o6nacTEIo. onpeqesenHa tis P.Da, USES cbopmy 10H 


AGP fi PAF (f@ Da). 


VcOBUMCA Ha3bIBaTb Olepatop A cen meHHeM OMepatopowB Ay u Ay **. 
SameTuM, uTO onepatop A, HeoOsA3aTeJIbHO 3aMKHYT HM flaKe He Bcerla 
MonycKaeT 3amplKaHHe. JlerkKo BuyeTb, TO 


A, = Allo asom: fie 


| * Ecnau C —xKakoli-mu60 onepatop c o6macTbio onpegenenua Do uw MC De, ‘10 Cly 
p6o3HayaeT Cy2KeHuve ONepaTopa C, Beene cBoel o6sacTbio onpefedenua MHorooOpa- 


ve M. 
** Onepatop A aABAAeTCH paciMpenvem Sey powa onepatopa Aj 8B cMBICMTe es 


Munomorua M. A, Haiimapxa (2°), 
3* “723 


Oneparop B, 8 A, c o6snacrbio onpegenenua Dp, = P,Da+ 3aauM bof! | 
my JIOH 
B,P,f’ aa Pays (f’ € Dar). 


: 
Onepatop B, HeoOs3aTetbHO 3aMKHyT. Kak JlerKo BUJeTb, BL = Ay Tak 4 
3aMblkKaHviem onepatopa B, aBuiaetca onepatop A, (cM. (7°), Teopema 1). 


O6osHauuM uepes Ga MHorooOpasve Bcex [€Da4 | Dax TakHX, 4TO (A-} 
— A*)f =0. 
Cienienve A onepatoposp A; u A, OyeM Ha3bIBaTb PCTYMAPHBIM, & 
JM BHINOMHAIOTCA Cueqyouue ycoBua: 1) omepatrop A, 3aMKHyT; 2) omepé) 
top B, 3samKHyT; 3) Da=Da,+Ga; 4) Dav = Dart Ga. 


Kak BuyHO u3 cooTHomieHua (1), ycuoBue 1) o3HauaeT, uTo Das f) =) 
=H, uw A,=(A'|p,enn,)". Ycnosne 2) papHocumbHo Tomy, yTo By =A 
Ycnosua 3) u 4) MOmxKHO CiopMyIMpoBaTb B TepMHHaX TpaHHUHbIX Tp 
CTpaHCTB HM rpaHHUHbIX OMepaTopoB, KOTOpble ObIJIH BBeCHbI B 3aMeTKE aBT\ 
pa (°) *. Ycaosue 3) o3HauaeT, uro onepatoppl A u A, OONagatoT OOULHM Ipil 
HHYHbIM TpocrpancTBom L, mpw4yeM COOTBeTCTBYIOMLMe TpaHHYHble OlepaTOp} 
Yu IT, cpa3anpt coornomenuem [, =I |p At Ycsopue 4) uMeeT aHasOrMdHbl) 
CMBICJI IIpHMeHUTeJbHO K oleparopam A” u A) **. : 

Teopema |. IIycme A—onepamop 6 H, saeastowutica peeyaapHolm cyel\ 
AeHuem onepamopoe A, u A2, Oeticmeyrouux coomeemcmeeHHo @ H, CH ul} 


H,=HOAM,. Tozda onepamopot — Ay u A, oOAradatom obujum e2panu4Hol) 


npocmpaxcméeom Ly, a mHoeoobpasue Da COCMOUM U3 BCEBOZMODCHOLX JI/ACMER 
moe f euda 


f=f+i,+ fe (h€Da, FED ge f2€Da,) (, 
maKUux, 4mo 
Mf, =Tefe, ( 


2de T', u T,—nekomopole epanusnole onepamopel, coomeemcmeyrouue onepy 
mopam — A, u A, u omobpastamuyue Dx u Da, na Lo. IIpu amom 
1 


Af = Aify + Alf, + Aafo: ( 


Odpamao, nycmb A, u A, — 3amKAymole NAOMHO 3adaHHole Onepamopel 6 NOG 
npocmpancmeax A,CH u H,=H © A, coomeemcmeenno, makue, umo oni 
pamopet— A; u A, umerom obtyee epanuxnoe npocmparcmeo Ly. Ilycmo ls 


I’, — KaKue-nu00 epanuunle onepamopol, coomeemcmeyroujue onepamopam : 
Aj u A; u omo6 pascaroujue D atl Da, Ha Lo, a M — mxoeoo6pasue eceeo3mod 


1 
Hix anemenmos [| euda (2), yOoeremeopstotyux ycaoeuto (3). Toeda onep 
mop A 6 H c o6aacme10 onpedenenun Da = M, sadannoui dopmyaamu (2 
(4), aeanemca peeyanpHolm cyenaenuem onepamopoe A, u Ap. 

SameTuM, TO ecm A — perysapHoe cuenmeHue onepatopop A, Hu Ag, 
onepatop A” ABAeTCA peryJIApPHbIM CleMJIeHueM OnepatopoB A lieale 


° 
4 


Pe JluHeHHoe mpoctpancrso L ¢ spMuToBolt GumMHeHHOM MeTpuKOl (Boobute, HH LepuHy 
HOli), OMpeAeMACMOM HEBbIPOXKMCHHLIM CKANAPHBIM MpoHsBesqeHueM [9, vb], Hasbipaerca rp 
HMUHBIM MpOCTpaHCTBOM JIMHeiHoro OnepaTopa A, pelicrByiomero B TusbOepTOBOM MpocTpa 
ctpe H, eCAM cymlecrByeT HHeHHBI onepatop IT, oToOpaxkatolluit D, “Ha L, taxol, 4 


4 
Tf, Ug] == -[(4f, g) —(f, Ag)] ana m06nx f,g€D,. Onepatop I nasipaerca B ot 
elyyae rpaHwuHEMm, 


eK 
B uacTHOCTH, PeFryJAPHbIMH ABJAIOTCA HeBLIPOAAeHHBIE crlenmeHua or paHHueHH 
onepaTopos, BBegenHple M. C. JIupuauem (*), a rake cllennenua KOHKPeTHBIX HeorpaH 
HeHHBIX OFlepaTopos, paccmorpenuple A. B. Kyxemem (21), 
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2. Ecau C — kakoii-nm6o oneparop, qelicrsyiomnii B rusb6epropom mpo- 
rpaHicTBe, TO yepes Ac ycOBHMCa OGO3HaYaTh MHOMKECTBO BCeX eFo pery- 
iapHBIx ToueK. Ilycrb A—oneparop B H, aBismomniica perysapHbiM clemue- 
iMeM onepaTopoB A; u A2, AA KoTOpEIX Ay, (| Ag, Henycro. Torga A al 


) ‘ae Tome nenycro nw Wa (Aa C An, We n A, Ge 1 
1 2 


|| Teopema 2. Ecau onepamop A aéanemca peeyaspnolm cyenaenuem one: 
amopos A, u A, mo Ora nwboti eeo xapaxmepucmuueckot gynxyuu X (d) 


ypu ecex snauenuanx KEA,« (]) A at umeem mecmo dopmyaa 
| 1 2 , 


X (A) = Xp (A) Xi (A), 
Oe X,(h) u X_g(h) — HeKomopole xapakmepucmuyeckue gynKyuu* onepamo- 
joe Ay u Ap. 

3. Ilycrb A—orpannyennpli anHelinpit oneparop Bp H (Da=H). Pac- 
MOTPHM Kakoe-J1H60 rusIb6eproBo npoctrpancrBo H > H. Onepatop mpoeKkTn- 
jopanua B H ua H o6o3nHauum uepes P. Tycrs A— npouspoubuplii orpanu- 
CHHBIM JIMHEHHbIM ONepaTop B H (Dx = H) taxoii, urto upu w1w060om f€H 
Pay = Af. JlerKo yOequrbca B TOM, 4TO TIpH s1060M RE Aas, K=- 0, onepa- 


op (PA* — X£)7+ cymecrByer un onmpegenen na scem H. Jina tTakux 3Haue- 
‘MH } MOJIOX%KHM 


"S$, = (PAY — KEY PA — dE), 


PaccMOTpHM KaKoe-JIMOO JIMHelinoe MpocrpaHcTBo L co cCKaJIApHbIM MpoHusBe- 
(jeHuem [p, $] (KOTOpoe MoxKeT ObITb H HHACPMHUTHBIM MH BbIPOKJCHHBIM) H 


iHHeHHbIN oneparop I us H B L, npeqnowaraq BbINOJHeEHHBIMH CJejyrIoulNe 
yenopua:1)TH = L; 2) yzna moowix f, g@H (rf, Tg] = = (A—A) f, 2): 
Mlna mo6Ooro KE Ays, }=-0, onpegemum onepatop X (A) B L, nomnaraa 
X(A)PF=PSf (FEM); 


BTC Olpeyesenve KoppekTHO, uOo npu Tf =O (A—A’)f = 04, cneqosatesb- 
HO, S,f =f. Onepatopryto dyHKunio X (A) MapameTpa  ycJIOBHMCA Ha3bl- 
path OOOOMeHHOH XapakTepucTHyecKOH myHkWHer ** onepa- 
tropa A, mopox,eHHOH onepaTopom A. 

 Q6o3sHauum uepes3 H®) 3amMKHyTy!O JIMHeHHYIO OO6OIOUKy BCEBO3MOXKHbIX 
jseMeHTOB | — Spf, rae fEH, K€ Age, =E0. Jlerko Buyers, uro H® CH. 
Tlonoxum H® = HOH, 

| Jlemma. [odnpocmpancmeo H® npuecdum onepamop A. B H®) onepa- 
imopom A unOyyupyemca camoconpsseHHelti onepamop. Ilcdnpocmpancmeo 


(2) S6AMeEMCA MAKCUMQAbNOIM Cpedu UHeapuaHMHAoLx NnoOnpocmpancme one- 


ipamopa A, Ha Komopolx anHyaupyemca onepamop A— A’. 
| Teopema 3. Onepamop, undyyuposannet orepamopom A 6 nodnpo- 
cmpancmee H), onpedeasemca ob6o6wexnnott xapakmepucmuueckou gynKyuet 


mapHou aKeueanenHmHocmuU. y 
| 3amerum, 4TO KakoB Obl HH Obl oneparop A B H, npocrpancrso HD 
u onepatrop A MOxHO nog_cOpaTh Tak, yToOH! HY = H, 


* Ymeirca B BUY XapakTepncTHueckHe (byHKUMM JIMHEHHBIX OMepaTOpoB B CMEICHe 
jompefemeHus, QaHHoro B (%). 

** Ormetum, uto M. C, BpogcKkuo (7) BBegenHo oOcOmeHHe NOHATHA xapakTepucTHye- 
Ckoli MaTpHUbI-byHKUMH OrpaHMyeHHCro onepaTopa A pu ycnoBuH, uo A— A ecTb BOW 
He HempepbiBHbIi onepatop. Jima storo uacTHoro Cyyan Mpeamaraemoe 3eCcb onpefeveHHe 
O6oOmeHHOM XapakTepucTHuecKOH byHKUMH, a Tak2%e TeopeMbl 3M 4 HaCTOsIeH 3aMeTKH 
Onu3Ku K onpefesenuio Hu K cooTBeTCTByIoMlHM pesymbTatam M, C. Bpogexoro. 
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Teopema 4. Ecau oepanusernoll aunetinertt onepamop Ae H (Da = A} 
agasemcen.cyennenuem onepamopog A, u Ag, mo Onn Asbo ee0 OO00WYeHHOI| 


xapakmepucmuueckod ynxyuu X(d). npu. ecex. sHavenuax AEA ne nA a ! 
X=0, umeem mecmo dopmyaa Ms Ge | 


X (h) = Xo (4) Xi (A), 
20e xe (A) i Xo (dh) — HeKomopole obobiuennole xapakmepucmuueckue bynKyur) 
onepamopoe A; u Ag. 

YAbAHOBCKHH TrocyapcTBeHHbIit Iloctymuu10 


mlearoruyecKH HHCTHTYT 12 IT 1959 
um. MW. H. Yabanosa 


WMTHPOBAHHAS JIATEPATYPA | 
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cK u-H, Marem. cOopH., 39(81), 2, 179 (1956). §M.C. Bpoackun,M.C. Jiuspmuyn 
Ycn. Matem. HayK, 18, B. 1, 3 (1958). ® A.B. UWitpayce, AH, 126, Ne 3 (1959)% 
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Aoxnaygn Akanemuu nayrx CCCP 
1959. Tom 126, Ni 4 


MEXAHHKA 
M. C. PEPACHMOB 


OB ACMMITOTHYECKOM HHTEFPHPOBAHHH 
| ANOPEPENIUMAJIBHOFO YPABHEHHA OJHOW ABTOMOJEJIbBHON 
‘JIMHAMHYECKON + 3AXA4UH 


(ITpedcmaeneno axademuxom M. B. Keadouuem 6 II 1959) 


B paOore (*) mpHBeweHa cuctema udiepeniMasbHbIxX ypaBHeHHii, OMHCHI- 
alollaA JBY2KeHHe ypyroro 3JieMeHTa KOHHYeCKOH OOOMOUKM, TOJULMHa KO- 
OpoH MpONOpWHOHaJIbHa pacCTOAHHIO OT BepuiMHbl. Ha moBepxHocTb KOHYCca 
eHiCTByeT OCECHMMeTPH4Had HOPMaJIbHad MOABHXKHAaA Harpy3Ka, pactipoctpa- 
HAOULAACA C MOCTOAHHOH CKOPOCTbIO OT BeplIHHbI BYOJIb OCH CHMMeTPHH KO- 
Hyca. B (1) yKa3aHo Ha BO3MOXKHOCTb NPHOMM2KeHHOFO peleHHA MOCTAaBJIeHHOK 
ABTOMOJeCJIbHOH JMHAMHUCCKOH 3afa4uH OJHHM H3 aCHMITOTHYCCKUX MeTOOB 
4HTer pHpOBaHHaA. 

Ecau lpHHaTb B 9TON 3amaye Koadpuunent Ilyaccona vy = 0,33, To no- 
SYUHM CHCTeMy 


- — 1,8pu2t? =) Ao ey By = 
He Jas — 0,9pu2G2) € u-+ (E a 0, 9022) C? Os 
0,33E ctg a ; 0,34E ctg a ao | (1) 
~(E — 0,9pv?€2) € OSs (E — 0,9pv2¢2) ¢? OY 


= Vi ieaary 35,99EB2 + 11,8pv2¢? — 23,96EB2 + 2,16pv2g2 —, 
TV ne a 
wm ¥ + a w+ —___ Ep2¢8 as EB2¢8 Ww 
BCL? Ss 12 ctg2a —0,028B2 — 5 OC USEC ma 10,8p 
not Re Ope “ae u— —Eaaee == (0; 


‘rye o603HaueHHaA Te Ke, UTO HB (}). 
Cucrema (1) mpHBogutTca K OQHOMy OObIKHOBeHHOMY nuHeliomy HeOJHO- 
‘powHomy yuddepenmuatbHOMy ypaBHeHHIO lWecToro Nopsyka Bua 


w+ gw + gow’ + qgw’”’ + (qa + 0495) w” + 


+ (qs + b*qz) w' + (qs + b4qy)@=qo, (2) 
rye,b* = 12ctg?x/R?; ee o603HayatoT TpOH3BOAHbIe MO He3aBHCHMOH e- 
a. C; g: (i =1,2,...,9)—onpegenennpie cdynkuun 6: 
Mh = Bigg => (4139,69p%0%" — 9447,42Fp?u4tt + 3641,26E? pvt? + 1939,04E%), 


= Se —pangcpr (1454, 45 pt0%C® — (5447,596% + 4056,48) Epto%® + 
+ (— 32021 ,898? + 3440,30) E%p*vC* + (56837,9382 — 928,62) E%pu¢?— 
— 15484,68E48%], 
a Fi x (13877,43ptv*ts + (8926,03f* — 35792, 49) Epto% + 
0 


+ (6421,958 + 13245,46) E%p?o%C4 + (195676, 158 — 9983,55) E%pu¢? — 
— 39332,69E48°], 


1 1396,46 oe: 366796, 96 37)666 _| 


+ (—238848,63+ =) E%p20'tt + 
+ ( 157162,51 + a) E%pu%? — 28902,61E4|, 


Bs Paar (— 46,02p?0%C* — 54,15 Ep%0%C4 + 8,40E%pu%? + 76,60E%), 


i Ege [- — ptutt® + ( 18800,72 — a) Eo*u%C> — 
— (209678,64 +- rn | E22oits 
+ (:284429,43 — SEES) oport? — 10441,25E8 |, 
qe ae [823,52p"v%? — 2839,71Ep*otG! +. 1160,82£%0%C? + 530,52E%], 
6 aoe [— 3702,83p%v°CS ++. 19269,01 Epu2ct — 
— 17209, 79E%puC? + 4324,48E%), 


ee ae (11064, 88p%v°¢* 32817, 10Ep2utC#+ 
0 
+286 12,24E%0v2C?—7321,55 E), 
go = 139,67p%v%C8 — 380,03Ep2utC4 + 172,43E%ou%t? — 86E°. 


[Ipapad uacTb ypaBHeHua (1) 3aBHCHT OT NOJBHKHOH Harpy3KH p H AB- 
JieTCA paspbIBHOH cdbyHKunel C: 


EBaere 7 (— 23307 16,7p%u8C* + 1217584,4Ep?u4G4 + | 
0 
Jo = + 7748,33E%ov°C? + 505045,6E°) npn C< 1, (4) 
0 npw €>1. 
Tlapametp 64 u Koscpunnenth mpu w, w’, w” B ypaBHenuu (2) jaa 
TOHKHX OOO/IOUeK HMeIOT OUCHb OONbUIMe 3HAaveHHA HO CpaBHeHHIO C OCTAaJIb- 
HbIMM KOSPPAIMEHTaMU, OSTOMY K ypaBHeHHIO (2) MO%KHO HpHMeHHTb MeTOR 
aCHMMTOTHYeCKOrO HHTerpupoBaHnds (7,3,4). IIpumMenaad aTor MeToyx, MamyuHM 06- 


WMH WHTerpaJ! COOTBeETCTBYIOWIErO OMHOPOAHOTO ypaBHeHUusA (2) Cc OTHOCHTeJb- 
HOM WorpewHocTho nopsayKa 67: 


w = 6(C,cosm-+C,sinm + C;chm + Cyshm + C,m + C,), (5) 
rye 


4 id 
TGS ECs 4 
Ne En cme A 
0 


4 9 , wy 
A = a5 (—4s)~" {693 (qs)® — 1386 qs (9, )8q + (6) 
+ 88895 (9; )” (95)" + 3692 (95 )?45° — 43293 (q; )°g!¥+ 1472g8q" 9’ — 
— 121693 (9,)° + 256q495q1% — 32094 (q°’)*}. 

Uacrublii wHTerpas ypaBHeuus (2) MoxKHO osy4uTh, NpHMeHAsA K (5) MeTO Ba- 
PHAM MPOWSBOJIbHBIX IIOCTOAHHBIX. OOWMH HHTer pas ypaBHenus (2) Torgza OyzeT 
COMepKATh MPOMSBOVIbHbIC TOCTOAHHBIC, OlIpeesIAeMble TPaHMYHLIMH yCOBHAMH, 
COpMyJIMpOBaHHBIMH B (?). , 
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Metoy, MpHMeHeHHBIM 3eCb, MOMKHO CUHTATb CIIpaBeJIMBbIM B COOTBET- 
STBHH C QW3HUCCKHM CMBICJIOM 3aauH TONbKO JIA ObICTpO MeHAIOLMLUXCcA 
peleHHH, T. €. MA yskunit IIpH mocTosHHBlx Cy; Cs, Cs, Cy. 


Tlocne ompeyesenua w us mepporo ypaBHeHA CHCTeMbl (1) Hatem u, 
TlepeMelleHHA YIpyroro aleMeHTa KOHHYECKO OOOOUKH HaliyTcA u3 PopMyJ 


u=su(t), w=sw(t), C=>. (7) 


PacTaAruBalollle yCHsINA, H3rHOaIOUHe MOMEHTHI H WecspopMallMn OMpeeATCA 
orga 0 dopMyviaM: 


T= 210 + ya + Go — vetg ol, 


(Bie alee. (1 + v) u+ vw’ — ctg aw), 
EB* 


G,=— Bw [vw + (2 + v) Co’ + Cw"), 
iB 0 
G= aa [w + (1 + 2v) Cw’ + vO2w"], (8) 
eu ut cu’, 
& = ue ctg aw, 
= = ("+ 20’), 

Lae ear 

Xo = > (w + Cw ye 
VWiucTutyT MeXaHHKH Tocrynujio: 
AxkaylemHH Hayk CCCP 5 II 1959 


UMTHPOBAHHAA JIMTEPATYPA 


. FepacumMos, JIAH, 125, Ne 5 (1959). *O. Blumenthal, Math. 
2 (1914). *H. A. Wltraepmau, Map. Kuesek. nomntexu. u c.-x. unct. (1924), 
uMuH, Hsp. AH YsCCP, cep. us. -MaTeM, Hayk, 4 (1957). 


Cont =4 
ne] 
= os 

Pas 

WAN 
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oR ta AB Axagzemuu nayk CCCP 
1959. Tom 126, Ni 4 


MEXAHHKA| 
B. A. WKAOB 


OB HHTEFPHPOBAHMM YPABHEHHM NOrPAHH4YHOrO CJIO# 
(ITpedcmaeneno axademuxom I. H. Iemposeim 29 I 1959) 


B wacTosiiel samMerKe MpejiaraeTca MeTOL, NOSBOJIAIOMMH CBeCTH pacueT} 
MOPpaHHHOrO CJIOA, ONMCbIBAeMOrO HeVJIMHeHHbIMA AupPepeHiHaJIbHBIMH ypaB-| 
‘HEHHAMH B YACTHBIX IPOM3BODHBIX, K PeleHHIO KpaeBbIX saad MWA JIHHEHHBIX | 
‘OObDIKHOBCHHBIX uppepeHMaIbHBIX YPaBHeHHH. Omnpeyessemble H3 HAX (yHK-} 
IMM He 34BHCAT OT rpafHeHTa aBJIeHHA HW MOTyT ObITb OHH pa3 IIpOcuHTaub!| 
Aa mtoOoro o6TeKaemoro KoHTypa. B cayyae TeyeHHA CXKMMAaeMOrO Fa3a 9STHI 
(PYHKILMH MOryT 3aBHCeTb OT (Pu3sH4UeCKHX XapaKTepHCTHK [asa HM OT rpaHHy-} 
HbIX YCJIOBHH JA TeMMepaTypbl Ha OOTeKAeMOM KOHTYpe. 

B m0cKOM MOrpaHHYHOM CJl0e€ B HECKHMAaCMOH MKHAKOCTH (byHKIUMA TOKa 
(x, yY) ABAeTCH pellleHHem ypaBHeHHA } 


ay FY aba _ ya, O% (1) 
Oy Oxdy Ox Oy? Yrs oy® 
.ApW [paHHUHBIX yCOBMAX 


a a _ 9, 


Gen, Ox dy 
Wey, se > U (2). 


Tlonowxum g = VU(x)/vx uw z=qy. Oxa3pipaeTca BO3MOXKHBIM HCKaTb 
/peuieHHe ypaBHenna (1) B BUZe pana 


g=2{Uh@+Bph@+p@+ten@+.},  @) 


re fi (2), fo(Z),...—HeM3BecTHbIe NoKa d@yHKuun. IIlpH sTOM JOKE! ObITb 
HCHOJIbSOBaHbI pasJIMuHbIe KOMOMHAalLMH 43 vg?,U wu mponusBoqHEIx U’, U”,..., 
MMEIOIHe pasMepHocTb cKopocTH. Mx MoxKHO HalTH MpH COCTaBJIeHHHM seBOK 
yacTH ypaBHenua (1). 

Hogctapnaa (3) B (1) u pe aE BbIPaKeHHA, CTOAUMe B KayecTBe 
MHoxUTeeH Ipx U, UU’, UU",..., nomyaum Oe OecKOHeuHYy!O CHCTeMy 
_Rudbepenuuasbyeix ypabuenuit quis Vieaiescc: 


ft = ett = 0, 
fa +0 fa fa — fils + 9/2 fife = —1+ f— Veli hh, _& 
fs + /e fs fs—2fils+ Vefifs= [eee fifs-F ta fifs = Watts — sa tate 


IIpumem, uTo 
npaz=0 f,=fi=fe=—fy=...=0; 


Ip Z—>0o fie i; 5.0) fi, Onese 


(5) 


'B cuny (5) Oyayr Bpinonveut U rpaHAuAble ycoBus (2). 
180 


_ PelleHve nepsoro HesnHelinoro ypaBHenua (4) npu ycnopuax (5) u3BecTHO, 
u (pyHKiua f, Jana TaO6nnuet (1). Dynxuun fo, fs,... MOMKHbI ObITh Mocse- 
OBaTeJIbHO OMpeeJeHbl H3 JIMHeHHBIX udppepeHUMasbHBIX ypaBHeHull MmpH 
*PaHHUHBIX ycoBHAX (5). 

_ OOpamjaacb kK Cayualo CxKMMaeMOrO raza, IpeqNONOKUM, YO 3aBHCHMOCTh 
BASKOCTH % OT TeMNepaTypbl 7 smHHeliHa 


Ie 
b= Yow (6) 


Ypapuenue JA *byHKUMH TOKa Halo Telepb pacCMaTpHBaTb COBMeCTHO 
c ypaBHeHvem SHeprHu. Sanvuiem UX 'B CJeLyiouleM Buse: 


ap Ob aba  T — UUT a 

On 8G OE Oy? — Tot —uay@, + dys’ (7) 
dv 0 0 OU) 0.0. » Yo. 02...0 WN Oe bat (Owe 
a OE Ty Of On To Pr Om Te 8 (PPE) ae ae my) PO) 


‘pH stom U =U (€), 0= T + ope (3). 


Syecb BMeECTO X, Y MCMOJIb3yIOTCA TepeMeHHBIe 


x x 


Ae) ey tO gai 
—— dx, erp \ ay, 


Siar ie 


oe 


0 


rye p(x) — WaBsleHve Ha BHeWIHeH rpaHule MOrpaHHyHOTO CIOS; Vo, Po, To — 
| MapaMeTpbl TOpMOxKeHHA MOTOKa Ha BHeLHeli rpaHule NorpaHMyHorO cyj0s; 
Am — MaKCHMaJIbHad cKopocTb; Pr=pcp/k, Cp—YeNbHaA TeMMOeCMKOCTb; 
_E —nexanuyecknit 9KBuBaleHT Telia; k— KoappulluenT TemNONpoOBOAHOCTH. 

PaccMoTpuM 3afa4uy O MorpaHHyHOM cyioe Ha Mpoduse, Temiepatypa Ko- 
TOporo MOcTOAHHa, NO3STOMY. 


mph y=0 T=Tw»=const. . (9) 


[paxnuuuple ycnopua aaa db, 9 cnenyroulue: 


| 
| 


; 0 ; 
apa 7 =0 oa =0;  upa 4-00 SU); (10) 
‘npy y= 0'..0.= Te; IpH n->0co 8+T>. (11) 


Pemenue OyeM HCKaTb B BHe pxAOB 


ts Wig U4 ; 
b= 2 Uh@+ Tali + glat a lat--.)+ 


+ TU" (f+ fet.) +---fs (12) 
2 , “yp on 
O= Tot Polenta tat ag (ta + og om +++) + 
Ey aie ie widows (3 
ong) cI (13) 


Bnech g = VU (&)/voe, 2= 9% fas = Fes (2), Pet = Pei (2): i 


Cnoco60M, YKa3aHHbIM paHee, NOJyYHM CuleMyIOUlHe ypaBHeHHA AA (pyHK=| 
HHH ft f ijs Opi: - 7 ; ; 
fit %etih = 9, | 

fa 4s Fifa = fifack °s fifex = —14+ fP—e fifi— Pu. (14)) 

fae at V/s Fifos — fa foe ap [ites = fr Pilea her 


Pe ee ee es a ee ee ee ee meno Cr Ce TIO, Ba ol PO Lo a Os eee 


de 
Dr Pn + Yeti Gu = 9, 


tiie 1 (praye | 
Pr P12 4+ Yahe, = —(1—p) CD : (15}) 


SoG + */2 [Pog Fan =—"/2 ES Pie */9 forPjy>- 


© we Neh we (ist ee et et ee Wer Ey er 0) cies AOL Le) Lone wre ne Om. CeO 


-B kayecrse rpaHHuHblx yCJIOBHH ist HCKOMBIX (PyHKILMH IpHMeM CJleqyroulHer | 


paces 0, Se fp= fue Olen tan 


mpuz—co f,->l, fiz 0; (16); 
mpoHz=0, ga=R, ez =O(RF 1)s: | 
TIpH 2— oo pj > 0 (A 1 $29) 2 (17)} 


3necb R=Tw/To—1. B cuay (16), (17) OynyT BHMOnHeHEI u rpaHHyHbless 
ycsosua (10), (11). ] 
Yepenya ypapuenna (14), (15), Hago nocneqoBaTembHO HaXORUTb (byHkWune 
fi, fej, Pej, Pellad KpPaeBble 3aqauH AIA JIMHEMHBIX WHpPepeHMasbHbIX ypaB- 3 
HeHHH. O cbyHKuHH fy; TOBOpHOCb BBIILe. | 
AHaJIOrH4uHO MOXKHO TOCTPOHTb pellenHe 3aauH O NoOrpaHHYHOM coe Ha: 
TeNJIOH3OJIMpOBaHHOM Tpoduyie, Kora 
OT 
npy y=0 = =0. 18): 
pu y aT (18): 
Ypapuenna (8), (9) aaa >, 8 coxpanaloTcs, B TpaHHYHbIX YCNOBHAX Hao: 
NOJIO2KUTS 
pH »=0 5 = 03 pH y>co §6—T). (19) 
Ypapuenusam (8), (9) MoxHO yqoBeTBOpHTb, ecan ¢, 9 B3aTb B BHAe pAQOB 
(12), (13), mpwyem MoxkHO MpHHATS gj, = 0 (j = 1, 2,...), a bynKunn fy, fej, Gey 
HaXOJMTb M3 ypaBHeHnl (14), (15), B KoTOpbIX TakxKe g;, = 0. | 
Ecuim ele B KayecTBe rpaHHUHBIX ycOBHH npunATb (16): w. 


mph 2=0 o; =0; IIpH Z—> co @&j—> 0, (20) 
TO OyAyT BbINO/IHeHbI Takxe (10) u (19). 
MockoscKuit rocyapcTBeHHbIli yHHBepcuTeT Toctynuuo, 
uM. M. B. Jlomonocosa 27.1. 195% 


UHTHPOBAHHAS JIMTEPATYPA 
+L. Howarth, Proc. Roy. Soc. London, A164, 547 (1938),. 


Wloxnaann Akagemun nayr CCCP 
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FHI POMEXAHHKA 


lr. A. JIOBHMOB 


CTALMOHAPHOE OBTEKAHME YIFJIA NOTOKOM 
BECKOHE4HO MPOBOASWIETO FA3A 


(IT1pedcmaeneno axademuxom JI. H. Cedoeuim 21 II 1959) 


Sanaya 06 oOTekaHHH yrsia NOTOKOM OecKOHeuHO TpOBOsAero rasa (3afa- 
ya [[panataa — Matepa) B MarHuTHOM Tlosie, HallpaBJIeHHOM TeplleH,HKYyJIAPHO 
“MIJIOCKOCTH J[BHXKeHHA, paccMaTpHBasiacb B (1). PaccMOTpHM 9Ty 3aqayy TIpu 
060M paciomoxKeHHH BHeIIHeETO MarHHTHO- 
ro IOJId OTHOCHTeIbHO OTOKa. B  9TOM 
cmyyae JBMoKeHHe He BCerfa MOKHO pac- 
MATPHBaTb KaK IIJIOCKOe. 

Bpeyem IMJIMHAPHYeCKYyIO CHCTeMy KOOp- 
| AWHaT, BKOTOPOM OCb HallpaBHM NO yrvioBoii 
JIMHHM (CM. puc. 1). Bye HUCKaTb CTAallHo- 
HApHbIe pelieHHA ypaBHeHH MarHHTHOM rHuy- Sie crad 
| pOJHHaMMKH TIpH o = 00, 3aBHCALIHe TOJb- 

KO OT OHOH KOOPAHHAaTHI— yruia 9. Takue pelieHHa JOMKHLI YOBMeTBOpATD 
creyiouleH CHcTeMe ypaBHeHHi: 


pv, + Up + pu, =0, p=Cpr, 
0 (Hr — He) = Ho (0; — U9) — Hr (Up + 0%), 
Ue, = Hetz—H2(vo+0,;), Ho+H, =0, (1) 


’ sg hs ’ 
Up (Ur — Ue) = Tap (Hr — He), 
{ H? ; nl ; 
09 (Ue + %e) = —— (P+ 3 a) , VeVe = Fa, He He. 


I. TloctynatTeabuHbu NOTOK HW BpallaTedwbHaA BOJHA 
IIpanataa—Matepa. Cucrema (1) mpw ycnopun divv =O umeer 
CueqyIoulHe pellenna: 


1. vp = He / Arp. 
a) p=const, p=const, H?= const, H,=V 4npo, + const, 
v,=const, H,=const, H,=ksin(p—q), Hr = —kcos(p—%), 


hk? — H* — H? = const. 


STo pellenve MpegxcTaBlaeT coGoH NOCTyMaTe/bHbI MOTOK, MapaJJebHbIti 
MJIOCKOCTH = p. 


6) p= const, =p = const, =. const, p= V 4np v, + const, 
v.= (9), Hz=V4npf(~)+ const, H,=— Hg, (2) 


HOST he (3) 
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Snecb f (p) — MpousBombHad :byHKWMA. QTO pellieHHe MOAHO Ha3BaTb Bpalila~ 
TeJIbHOM BOmHOM TIpanzraa — Mavepa. I]n0THOCTb B 3TOM ABHXKeCHHH OCTAeTCH 
MOCTOAHHOH, a CKOPOCTb HM MalrHHTHOe TOJle NOBOPayHBaloTCA; ABH2KeHHe He 
ABNaeTcA mmockHM. IIpn saganno dynkunu f(¢) ypaBHeHue (3) onpezemseT 
dbynkunto H,(~), Mocse yero COOTHOWEHHA (2) MOMHOCTbIO ONHNCbIBAIOT pelueHHe. 


2. u-+H,/V4np. Pemenne mpegqcraBsetca B Buse: 
| p=const, o=const, H?=const, H,=const, vz, =const, 
Up =Asin(p— Go), Ur = —Acos (p — $0); 
H, = Bsin(? — 91); r= — Bcos(p— 1), _ 
Ail=iconst}o WB = const 


STO peuleHHe olpesedAeT MOCTYNATeNbHbI MOTOK, MapasJIebHbIH TJlOCKOCTH 
©. =, IpPHueM MarHHTHOe Mose COCTaBJIHeT HEKOTOPbI MOCTOAHHDIM rou 
CO CKOpOcTbIO MOTOKA. 
. TI. OOrekaHue OeCKOHEUHO NPpOBOAAMeroO yrua. ee TOTO: 
YTOOBI TIpH OecKOHeYHOH MpOBOAMMOCTH OOTeKaeMOrO yrvia CYeCTBOBaJIO pe- 
INCHHE, 3ABHCALee TOJIbKO OT KOOPAMHATHI P, BHEIHee MarHHTHOe TOJIe 10JDKHO 
ObITb MapaviebHO MoBepxHocTH yrua. B mpotHBHOM cayyae cTal{uoHapHoe 
TeyeHHe OyfeT COMepxKaTb KapepHy, OOpasyloulyioca y MOBepXHOCTH yrvld, 
H pelleHHe 3afauH HeJIb38 CUHTATb 3aBHCALLMM TOJbKO OT ¢. Byzem upeg- 
HOlaraTb NO3TOMY, TO MarHHTHOe Mose B NOTOKE NapasebHO MOBepXHOCTH| 
yruia. B 9TOoM CJlyyae MOXKHO BbIOpaTb CHCTeMY KOOPAHHAT, [BMW>KYULyIocA, 
C H€KOTOPOH CKOPOCTbIO B HallpaBJIeHHH OCH Z, B KOTOPOH CKOPOCTb MH nose. 
MapavieJbHbI. JlasibHeiuee paccMoTpeHHe 6ynem BeCTH B TaKOH cHcTeme 
KOOpJ\HHAaT. 

Hcnomb3yA ypaBHeHHA HepaspbIBHOCTH’ M COJeHOMaIbHOCTH NOAA, NOyuMM 


HizGyov.8 aC, =.cous): 
B 93ToM culyyae ypaBHeHuA MHAYKUMH YOBJICTBOPATCA ABTOMATHUCCKH, H pe- 


IWeHHe 3aauM CBeLeTCH K CJeylolleH cucTeMe ypaBHeHHH, NomyyeHHoii us (1) 
NYTeM HeKOTOPBIX IpeoOpasoBannii: 


Pur + Vee’ + pu, = 0, p= Cpr, 


és , d 5 2442\ 
(1 — ap) (0, 95) =p 07, = (p+ ; (4)! 
Cc 


v,=a(vp+0), ‘a= =. 


Vuterpupyx mocylequee ypaBHeHve STOM CHCTeMBI, ONpesensem yHKILHIO 
vz(p). Ocrapmiaaca cHcTeMa MMeeT MHTerpaul | 


apc? 


oe a 4 
Ue aaa ge (haa Blo = an? (5) 


Bocnoub30BaBlucb (5), JIerKO BbIPasHTb BCe (yHKWMM, BXOAAMe B pe- 
WieHHe, yepes CPYHKILHIO p: 


v= Cy Lis i p*| + Csp , 
>» __ 1—ap oe 1 — ap ts 
U, ST api el eae mea Cd © (6) 
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Jlna onpenenenus (pynKuHH 0(¢) nonyyaerest OObIKHOBeHHOE BIS 
[HaJIbHoe ypaBHeHue 


: (7); 


| OTO ypaBHeHHe Hy2KHO, 110-BHJMMOMY, HMHTerpHpOBaTb YMCJIeHHO, UCHOJb- 
sya (6). Oxo oTmHuaeTca OT COOTBETCTBYIOULErO ypaBHeHHA B OGBIUHOM Tas0Boil. 
WHHAaMHKe TOJIbKO H3MCHCHHBIMH 3HAYeCHHAMH Ug H U;. TlomwyueHHoe pellieHne: 
€CTb TEYCHHE PaspAXKEHMA, IIPHYeM MAKCHMAJIbHbIM YroJI MOBOpOTa NOTOKAa orpe- 
WeAeTCA YCNOBHEM p =U, =O. Tomyusennoe Teyenve He ABIAeCTCA NOCKHM. 


III. O6TekKaune Henpospoyamero yraa. Ecau o6tekaembili yrow 
HeMPOBOJAM, TO BHeliHee MarHHTHOe Move MOKeT ObITb HallpaBeHO MO]. 
JHOOBIM yrJIOM K cKopoctu TloToKa. IIpuw stom Aut 3aBepileHHA pellieHua 3a- 
Wau HeEOOXOZHMO pelHTb safayy O pacnpezeseHuH NOJA BHYTPH yrsia, 4TO 
BCerja MOXKHO CeaTb Np 3aaHHOM paciipeyemeHHu MOA Ha ero rpanuue. 

Ansa pellleHHA 3aqauH B JaHHOM CyIyyae HEOOXOAMMO pelllaTb OOulyi0 cHCTe- 
My ypaBHeHuit (1). Kak merko nNokKa3aTb, 9Ta@ CHCTeMa MMeeT KOHeUHbIM UH- 
Terpad 


4 H2 ‘ges 

Ug— (= + Cyp} v2 Ue + Gye” Trp = Q. (8) 
Tlombsyscb STHM MHTerpasiOM M IpHHHMaad 3a HOBY!IO TlepeMeHHyIO OfHY H3- 
-ACKOMBIX (PYHKILMH, CHCTeMy ypaBHeHHHt MOXKHO CBeCTH K CHCTeMe TpeX OObIK-~ 
HOBCHABIX. MPepeHUMaJIbHbIX YPaBHeHHH, KOTOPYIO, NO-BULHMOMY, Hao OyyerT 
MHTerpHpOBaTb YMCJIEHHO. 

TlonyyenHble pewieHHA NOKa3biBaloT, YTO MpH oGreKaHHM yrvia 6ecKOHeSHO: 
IpOBOJAUIMM fa3s0M, aHaJIOrHyHO O6bINHOl ras0Boli JMHaMUKe, CKOPOCTb Uy 
paBHa CKOpocTH 3ByKa B ra3e. B cBa3H Cc 3THM B CJlyyae OOTeKaHHA HeIIpo- 
BOAAMero yrJla BO3MOX%XKHEI ABe BoHE! Ilpanyztia— Matiepa, cooTsercTByl- 
ive JBYM MarHHTO3SByKOBbIM CKOpocTsm. (cM. (8)). MHaye o6cTouT jeno B 
cnyuae o6TeKaHHA GecKOHeuHO MpoBossmero yrsa. Syecb BO3MO%KHA TOJIbKO» 
ogHa Bosna IIpanztraa— Matiepa, onucpiBaemaa pewennem (6), (7). [pu stom, 
€CJIM Up PpaBHO MejJIeHHOH MarHHTO3BYKOBOH CKopocTH, To |1—ap <0 u BouHa 
HallpaBsleHa Blepef 10 MOTOKY, eC KE Veg PaBHO ObICTpOH MarHHTO3BYKOBOH 
cKopocTH, TO |—ap>O 4 BouJIHa HallpaBseHa BHH3 MO MOTOKy. 

CymecTBopanne BpatiaTtenbHoH Bob! Tpanaztaa— Matepa mosBouser 
NOJYYHTb MPH HEKOTOPbIX YCJIOBHAX OOTeKAHHe yria HECKHMAeCMOM KUAKOCTHIO. 

B 3aKJOUeCHHE OTMETHM, UTO NOJYeHHble PelleHHA, aHaJIOTHYHO OObIYHOH 
Ta30BOli JMHAMHKe, MOXKHO pacCMaTpHBaTb KaK OTIMCbIBalolHe OOTeKaHve HCc- 
KPHBJICHHbIX NOBepXHOCTeH. 

Tlocme Toro Kak jlaHHas paOoTa OblwiM CqaHa B TeyaTb, NOABHIacb paoo- 
Ta (*), NOATBepKalollad KaveCTBeHHble BbIBObI, NOJYYCHHbIe 3eCb OTHOCH- 
TeJIbHO BOsHbI [Ipanyraa— Maiepa. 


MockoscKHlt rocyapcTBeHHbI yHHBepcHTer TMocrynuso 
uM. M. B. Jlomonocosa}] 3 XII 1958 


UHTHPOBAHHAA JIUTEPATYPA 


1r.C. TonaununnA, KOTO, 34, ws. 3 (1958). * M. H. Koran, Mpaxa. mateo. 
H Mex., 28, B. 1 (1959). 
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A. A. BAKYJIEHKO 


TEPMOJIMHAMMYECKOE HMCCJIEXJOBAHHE CBS3EH 
ME)KAY HAMPSSKEHHAMH HW JE®OPMALLHSAMH B H30TPOIIHbIX 
YOPYFO-NJIACTHYECKHX CPEJIAX 


(ITpedcmaeaeno axademuxom IO. H. Pabomnoeoim 25 II 1959) 


Kak OblIO NOKa3aHO paHee, HCCJIeLyA CBA3H Me?K]ly HallpA»KeHHBIM COCTOS-/ 
HHeM H JlecbopMattveH B Heylipyrux cpeqaX C MOMOLLbIO TepMOAHHAMHYECKHX) 
cooOpaxkeHhit, yaeTCA NOJYUHTb CyIIeCTBeHHbIe Pe3yJIbTATbI Ha OCHOBe JIL) 
nepBoro H BTOporo Havasl TepMOAWHAMHKH HM OOBINHOrO JIA TEOpHH MsacTHy-} 


HOCTH pa3JIOx%KeHHA Sin = Sf, + OF, jepopMallwu SJIEMeHTa Cpebl Ha BIOJIHE} 


yupyrylo ¥ HeOOpaTHMy!O YaCTH: HECMOTpA Ha OOUIHOCTb, 93TH 3aKOHbI MH pa3-) 
JIOKeHHE TPHBOAAT K OMpeeseHHbIM MO CBOeH KOHCTpyKILHH peOJIOrMyecKUM} 
ypaBHeHuam (3,2). Ecum Bocnoub30BaTbca TaKxKe IIpHHUHNOM Onxsarepa HJIH,| 
JIA CayyaeB HeJIMHeHHbIX CBA38eH MexKTY TepMOAMHAMHYeCKHMH CHJIaMH MH TOKa-} 
MH, COOTBETCTBYIOLIHM ero OOo6ueHHeM (1%), TO yNOMAHYTbIe ypaBHeHHA MO?KHO, 
TpescTaBuTb B Bue (?) 


Of os . # ; of is. 
ety rrittes Catan ih ride); Zarit astaee (1) 
(6) or ; 
a Baik = "Sie = a (i, Ris=oly 28) (2) 
Nik 


Snecb f =f (&%,, kn, 7) — MOTHOCTh CBOOOMHOH SHEpPrHH; Ss = S (Ez, kn, T)— 
NJIOTHOCTh SHTPOMHH dJleMeHTa; T — aOcoJiloTHad TeMlepaTypa; 9; — KOMIIO- 
HeHTbI TeH30pa HallpmKeHHA; YP, == de, /dt —KOMUOHEHTbI TeH30pa CKOpOCTH 


M3MeHeHHA HeylipyroH edopmalun; A, — lapaMeTpbl, ONpelesseMble paBeHCT- 
BaMH 


On = Sinindee (n=1,2,...,r) (3) 


M XapakKTepHsylollve MaKPOCKONMYeCKOe BJIMAHHE CKPbITBIX BHYTPCHHHX Ha-y 
npspkenuii; ‘t= Y (4?,, 7) — quccnnaTuBnad dyHkuua. CymlecTBeHHO, 470 TIpH 


BblIOOpe B KayecCTBe apryMeHTOB byHKUWMH cocTOAHUA f MS BMeCTO ©, h, UT 


Ml€pEMCHHBIX o;g, hyn U T (+), OOpasyioulux, KaK BHAHO u3 (1), BMOWHe 9KBH-. 
BaJIGCHTHY!IO Me€pBOM COBOKYIHOCTb apryMeHTOB TaKOrO pOjla, H3MCHAeCTCA JIMILIb 
(opMa ypaBHenuli (1), OnMcbIBaIOWIHxX B OOMIEM BHe peOMOrHYeCKHli 3aKOH 
yupyrow fedopmaln. | 
IleuibiO HacTOsIMeH 3aMeTKH ABJIACTCH OCBELLeHHe BOSMOXKHOCTeH paspaOoTKH: 
H TEPpMOJMHAMMYeECKOrO OOOCHOBaHHA C TMOMOMLbIO TIPHBEACHHbIX OOMLMX ypaB-! 
He€HHH PeOJIOrHYeCKHX OCHOB TeOpHH Heylpyroro NOBeAeHHA TBEpALIX Tes THMIAa! 
TEXHHYCCKUX MeTAJJIOB. ( 
OcTaHoBuMcs CHauaJla Ha CJIy¥aAX, KOrla BMAHHe Ha TepPMOAMHaMMUecKue! 
‘COCTOAHHA Tela CKPbITbIX HallpAxKeHHH HU, CJIeMOBAaTebHO, MlacTHYeCKOli Je-' 
(popMallMH OTCYTCTBYeT JIM HM MOMKHO peHeOpeub. Dro ycOBHe IKBUBAJICHTHO’ 
VC JIOBHIO | 
Liniz = 0 ee ee) (4): 
(Tak 4TO BCe MapaMeTppl A, 
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) 


MOCTOAHHbIe BeJIHYHHB!) : 


Zina usoTrponuod cpegzbt dyuKkuna Y= Y(y?,, 7) omkua Ovitb mpeycta- 
Ma B Bue dyHkiuu T uM MHBapHaHTOB TeH30pa {7f,}. YanTbIBad 3TO OOcTOH- 
BCTBO HM BblIOpaB B Ka¥eCTBe OCHOBHBIX MHBapHaHTbl 
peeps! == 1 
P= *Venh, P= VU/enbnk, — (nP? , 
(5) 


Beet aC COS 17,0, 


2 (4?)8 < nt nei ag sb Mem ni | 
(n?)? 
| 


Ts. OMHY H3 BO3MO%KHbIX TOJIHbIX CHCTEM H@3aBHCHMbIX HHBapHaHTOB 
| 


(OMAHYTOrO TeH30pa HM UMeIOWIMe MpocToH HB3BeCTHbIii (bu3HueCKHH CMBICI, 
4 H3OTpONHOK cpezbl Oyqem uMeTb 


E = Ey nn?By T). (6) 
_Ilpu spimoummennn (4) u (6) u3 (2) Birekator ypapHeHua 


ily Woh 
ate ae Ax? 9 (7) 


gus or ctg BOY 
am 3? \ an? nP 98 


y shoaWV2np oe (ONS ae Yel? 
On + sepyrsin apap (Ps — UP, 8) 


eoc= /39ii; Ds HW Dy — eBHaTOPbl, COOTBETCTBEHHO, HallpsxKeHHH u CKOpo- 
eit 4?,; / —equnnunpiii Texsop. Ipu orpanmuennax, ompeyessempix ycuto- 
hem (4) (oTCyTCTBHe yipouHeHna, ascdekta Baywimurepa mu MOROOHbIX sBuie- 
(1M, CBA3AHHbIX CO CKPbITbIMH HallpAXCHHAMH), 9TH YpaBHeEHHA MpeAcTaBsaroT 
Oo HanOovlee OOUIMe ypaBHEHHA CBASH M@XKTY HallpswKeHHeM HM Heyupyroti 
Iopmalvei 9JIeMeHTa H30TPOIHOM Cpebl, COBMECTHMbIe C IepBbIM H BTOPbIM 
fyaJlaMH TepMOJMHaMHKH WM OOOOKICHHbIM TIPHHIHHOM Onsarepa. 

Us ypapnenua (8) cneqyeT, 4TO HallpaBJeHHA TlaBHbIX OCel TeH30pPoB 
IIIpseKeHHA WH CKOPOCTH W3MeHeEHUA TlacTHuecKol WecbopMallHu auleMeHTa Js 
J paccMaTpHBaemoro Kvlacca coBnafaiwoT. Bpipaxkaad C MOMOLIbIO 93TOFrO 
JABHEHHA VMHBapHaHTbl TeH30pa HallpAxKeHHA uepe3s 2JIEMCHTHI WpaBol ero 
CTH, TlOYYHM ypaBHeHHA 


or 


} 


= 33, cos (« — ), | Oe = 33,7? sin (a — B), (9) 


© o. H &—HHBapHaHTbl 92TOTO TeH30pa, aHAaJIOPHYHbIe, COOTBETCTBEHHO 
| 3 2 
iBapHaHTaM 7" HB TeH30pa CKOpOCTeH 7f,. 

B cootsetcTBuu c (7) u (8), 9, ¢, H @ CyTb, BooOme roBops, pyHKLHH 
, 4? uw 8. Kak u3BeCTHO, OObIUHO MOXKHO CUHTATb, YTO Heylpyraa edop- 

* 

uLHA OGbeMa OTCYTCTBYyeT H, CuIeqOBaTebHO, 7?==0. Ec, Kpome Toro, 
WM % He 3aBHCAT M OT 7%”, TO, KaK BbITeKaeT H3 (9), IpaBad yacTb (8) OyyeT 


HOpogdHa (C HYJeBOl CTeMeHbIO OLHOPOAHOCTH) MO apryMeHTaM 7%. Crejo- 
TeJIbHO, TIPH 9TOM ypaBHeHHe (8) MpeBpalilaeTcA B peovIOrMyecKOe ypaBHeHHe 


CTOAHHA SJIEMeHTa Cpebl, MOBeAeHHe KOTOPOH (pakTHYUeCKH He 3aBHCHT OT 
eMeHH (T. €. OOsIaqalouleH, HapAyy Cc YIpyrocTbiO, JIMUIb aTepMuyecKoH 
PMO sacTHuHOcTH). YpaBHeHuA (9) B STOM CyJIyyae HeABHO COJep2KaT 
JABHEHHE, CBASHIBAIOULee JIMIb MHBapHaHTbl TeH30pa HallpsxKeHuA Hu T, BOS- 
)KHbIMA KOHKPeTHbIMH (OpMaMH KOTOPOrO ABJAIOTCA, B YACTHOCTH, YCJIOBHA 
lacTuuHoctH Mus3eca u Ceu-BenaHa. HerpyHo BHseTb TakxKe, 4YTO MPH He- 
BUCHMOCTH ¢, H & OT 7? YCMOBHe COBMeCTHMOCTH JIA (9) MoxeT ObiTb Iipey- 


* 


aBJICHO CJIEXYIOWLMM OOpa30M: 


Oo 
a = 55°. 1g — 8). (10) 
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Orciola, B YaCTHOCTH, BbITeKaeT, YTO BMeCTe C YCJIOBHEM Museca (s, = cons) 
uu, Cc 6ouee OOmleH TOUKH 3peHHA, Cees) HeoOxouMO a=68, H, i 
COOTBETCTBHH C (9), ypaBHeHHe (8) MpeBpaTHTca B TeH3O0PHO- JIHMHEHHOe (MpoeKI | 
KOTOpOrO COBaqaloT C ypaBHeHHAMH TeOpHu Pejicca). 

Jina Toro uToOObl MO2%KHO OblIO yYeCTb YIPOUHeHHe, HeOOXOJIHMO, TOO | 
XOTA Obl OLMH V3 JOMOJHUTEIbHbIX B H3BECTHOM CMbICJIe€ MapaMeTpOB COCTOS| 
HUA dy, Agy- ++) Ap HE PaBHAJICA TOMKTeCTBEHHO NOCTOAHHOH. Kak U3BeCcTHC! 
CpelH BeJIMYMH, KOTOpble B TeOPHH WMacTHYHOCTH OObluHO TIPHHHMaloTCA 
KauecTBe TlapaMeTpa, HeMOcpeACTBeEHHO OlIpeesAIOMero BEJIMYHHY YIPpOUHeHHS| 
eCCTbh OCHOBAaHMA CUHTaTb HaHOoulee YHUBepCaJIbHOH HW YMOBJIETBOPUTeJIbHC 
paOoTy mvlacruyeckoi gepopmaiuu. B cooTBercTBHH C STHM TeH3Op g(1)k 
OMpeeUM PaBeHCTBaMH Q(1)ik = Fie (i, k = 1, 2,3), u60 Torga, Ha OcHOBaHHH (3 | 


dh, = inde, (1 y 


(rakoH BplIG6op apryMeHTa yIpowHeHHs MOx*KeT ObITb OOOCHOBaH H C UHCT) 
TepMOJMHAMMYeCKOH TOUKH 3peHHa). Ecam pa 93TOM BCe [pyre BO3MO2KHbil 
IIpOABJICHHA CKPbITBIX HalipsKeHH (sexr Bayummurepa u T. 2.), Kak aT} 


| 


OCTAJIbHBIX JOMOJIHHTebHBIX HapaMeTPOB MOXKHO, KaK HM paHee, CUMTATb TOM) 
JICCTBEHHO PaBHbIMH HyJeBomy, Tak uTO (byHKuHA f B OOMLEM CuJlyyae Oy me) 
cbynKunel 6%, T wv dy. Ora (pyHKuMA OUMKHa ObITb TpeqcTaBuMa B BUH) 


f = fe(e%,, T) + fo (us, 7), W600, BemeqcTBHe cTpyKTypHoH HeUYBCTBUTEJIbHOCT| 


yipyrax cBolcTB, 43 (1) QOJKHbI BbITeKaTb YpaBHeCHHA CBA3H MeAK]Y Siz | 
e¢,, T, He coflepxKatve ,. B pesynprate u3 (2) OyteM HMeTb 1 


or 
Ont, 


eae (fe PORES). (13 


rae O=O(,, T)=(!—Ofp/0d,)+. Ha ocHopaHum sBToporo Haya 
O0< Ofp/04 <1, Tak uTo OS 1, | 

Jia u30TponmHblx cpey CHOBa CipaBeJIHBO TipeacTaBsieHve (6), Mp KOTC 
pom u3 (12) BbireKaloT ypaBHeHHA, OTMMYalOUlMecd OT ypaBHeHHH (7) u (é 
JMWb OOUIHM JVI BCeX YWICHOB B TpaBbIX YaCTAX CKaJAPHbIM MHOXKuUTesIem A 
Tlostomy BCe OTMeY¥eHHOE BbIllIe B OTHOWWeCHHH ypaBHeHHul (7) Hu (8) cmpaBe) 
JIMBO 10 CyUecTBy H WIA STHX YpaBHeHHH. Pa3Hvlla COCTOMT JIHLUIb B TON 
¥TO o, 6, H & 3eCcb OyAyT B OOMIeM Cuyyae SyHKWHAMH 7, y?, B, T uh 
B COOTBeTCTBHH C 9THM JIA UHCTO aTepMuYeCKOrO culyyaA yOMSHYTHIe ypat 
HeHHA COAepKaT B ceOe He yCOBMe NJaCTHYHOCTH, a YCJIOBHe ynpouHeHH 
o, =A(#%,4,T), BosMoxKHOH YacTHOH (opMoli KOTOporo sBuAeTCA ycuOBE 
yupouHenua IImugra. 

Takum o6pa30M, ypaBHenus (7) u (8) M ypaBHeHHs, BbITeKaroujHe u3 (12) 
IPH BbINOJIHeEHHM (6) COdepxKaT BCe OCHOBHbIE H3BECTHBIe B HacTosuLee BpeM 
OOOOMLEHHA SKCMCPHMECHTAJIbHBIX JaHHbIX, KaCaloulHecd NOBeLeHHA KBasHH3C 
TPONHBIX TBEPAbIX TeJI IPH MpOABJeHHAX aTepMHYeCKOM MacTuuHocTH. Bmect 
C TeM, KaK ObIJIO NOKa3aHO, ypaBHeHHA JIA cpeq, ympyro-nuacTuyecKuXx 
Y3KOM CMBICJe, NOJlyualoTcH H3 HUX KaK YaCTHbI CuyYal, COOTBeETCTBYIOULY 
H€3aBHCHMOCTH MHBapHaHTOB TeH30pa HalipAxKeHUA OT 7”. B oOmlem cuyue 
STH YPaBHeHHA ONMCHIBaIOT NOBeeCHHe H30TPOMHBbIX cpen, oOnaqatounx Tak# 
MOJI3YYeCTbIO HW CNOCOOHOCTbIO K pesaKcallHn. 

B 3akJIOueHHe OTMeTHM, 4TO M3 ypaBHeHuii (12) BnomHe ecTecTBeHE 
BbITeCKalOT OCHOBHbIC ypaBHeHHA TeOpHu IvlacTHyecKoro noTentiMama Museca - 
IIparepa. ([lonpirka tepmoqunamuueckoro o6ocHoBaHua 9Toli TEOPpHH Obl 
mpeApHHATa HeaBHo Iluraepom (3), OfHaKO pasBUTbIe HM cooOparKeHt 
(bakTHUeCKH OXBaTbIBaIOT JIM KNaCc CuyyaeB, OnpeqemAembIli IIpH Halliem no, 
xofe ycoBvem (4); orpaHHueHHad B 3TOM OTHOLIeHHH TepMOHHaMHuecKé 
TeOPHA IaCTHYHOCTH, BeCbMa OJIM3KaA K Pa3BHTOH B paG6ote Lluraepa, Obl 
mpewowKeHa Hamu eme B 1954 r. (4).) 
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B caMoM jlese, mp nomouyw (12) TroxpectBo d (sin7%) = cindy, + yfedoix 
MOXXHO IIpeAcTaBHTb B Be 


ov (ere) (ore8) 
d (i782, —¥O) = —@ aR dT —¥ ae aly aa dh + 4P,doiz. (13) 


Orciofa, upeanosaraa (12) pa3pemiMMbiIMH OTHOCHTesIbHO 7P,, MOJYYMM, B. 
YaCTHOCTH, ypaBHeHHA 7%? = 00 /0s;, HK, B MOK cpopme: 


00 
dein = di, (14), 


re O(c, 4, T)= SiR YE (Siz, 4, T) —¥ (nik (siz, 4, T), T) Dy, T); dt, ecan: 
NOM3yyeCTh HK pelaKcalWA He YUHTbIBAIOTCA, CleMyeT pacCMaTpHBaTb yKe- 
He Kak j\H*pdPepeHHasl BPeMeHH B OYyKBaJIbHOM CMBICJI€ 29TOTO CJIOBa, a KaK 
|BECbMa MaJIylO CKaJIAPHY!0 HEOTPHWaTeJIbHYIO BeJIMYHHY WHOTO pola (peycta- 
BJIAIOLLY!O ~COOOK C TOUHOCTbIO JO MHOXHTeIA BeCbMa MaslOe TpvpaueHvue- 
(PyHKWMH HarpyxeHua). 


ik 


JleHHHrpalcKHH AH»KeHepHO-CTPOHTeJIbHbIK Iocrynuaio 
HHCTHTYT 9 VIII 1958 


WMTHPOBAHHAS JIMTEPATYPA 


1A. A. Baxyaeuxko, JAH, 118, No 4 (1958); Hayun. rp. Jlenuurp. HHxK.-cTp. HHCT..,. 

B. 29 (1958). * A. A. Baxyaeunxko, XVI wayuH. Kon. Jlenuurp. umxK.-cTp. HHCT., 

| Hoxnagpi, 1958, crp. 552—556.. 3 H. Ziegler, Ing. Arch., 25,58 (1957). 4 A.A. Ba- 

Ky 1e@HKO, Te3vcbl JoK. Ha CoOBell. MO TeopHH yMpyrocTH, TeopHu MaacTH4yHOCTH U 

TEOPeTHYCCKHM EOMPocaM CTPOHTeMbHOH MeXaHHKH, 22—25 XII 1954, Vag. AH CCCP, 1954, 
erp. 17. 
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Jlorxagm Ankagemun nayx CCCP 
1959. Tom 126, N: 4 


TEOPHA VIIPYTOCTH ¥ 


MW. HW. BOPOBHY xu FO. M. KPACOBCKHH 
O METOJE YNPYPHX PEWEHHH 
(ITpedcmaeaexo axademuxom C. JI. Co6oreeoim 19 II 1959) 


Vs3yyenve MasibIX ylpyro-njiacTHyecKux JePopMallHi MpWBOAHT K HeKOTO-~ 
PpbIM KpaeBbIM 3aavaM JIA HeJIMHEMHbIX MudPepenUMabHbIX YypaBHeHHH B | 
YaCTHBIX [POH3BORHBIX (1), KOTOpbIe H3y4aJIHcb PAOM aBTOPOB (HallpHmep, | 
B (?) BbINCHeHbI YCJIOBHA CyLCCTBOBAHHA KJIaCCHYeCKHX peleHHH NepBow Kpae- | 
BOH 3ajlauv B «MaJIOM»). 

B wactTosieH paO6oTte OO6OCHOBbIBaeCTCA TIPHJIORKeHHeE MeTOa YUpyrHx pelle- j 
HUM [IA OCHOBHBIX 3afay TEOPHH MaJIbIX YyIpyro-lvlacTHuecKUXx edopmalyH | 
6e3 KaKHX-sIMO0 MpeqnosoxKeHHH O MaJIOCTH TMapaMeTpoB, OlIpeesAIOULHX }) 
3ayauy. OAHOBpeMeHHO YCTaHaBJIMBaeTCA CYINECTBOBAHHe OOOGUICHHBIX pelleHHH. | 

Kak uspecTtHo ('), 3afaua O MaJIbIX ylpyro-NacTHuecKHx jedopmalHax I 
IIPHBOLHT K pelieHHio cyleqyiouleH cucTembI udcepeHvabHbIX ypaBHeHHH: | 


fe it 0) 


eam om 3 


3 
2. d cs = pX 
cy (1 ae w) Vibe — ay ee Ss ks Dy Suttle ces =P — == Oe (1) 


t st=1 1 


Syecb m—uwcno Ilyaccona; G—mofymtb caBura; X,—MaccoBble CHJIbI; 
Srs JaIOTCA COOTHOLICHHAMU 


f OV 
(Yaz, — x) 7 . ECIIis eis; 


Dks == 4 
Up u Sos 
| Xs ai sxp) V2 e; 


the Cxx + Cyy + 22; 


ecu R&S; 


V2 5 a 
Qe; = ah (Exx ra €yy)? ae (Cxx a Cz) ae (Ga ss Cxz)r = oe (Cy se Cxz aia ei) ; ; 


© — PyHKIAA €;, ONpelesaoulad MwlacTHuecKHe CBOHCTBA MaTepHaJla UH YHOB- 
JIETBOPAIOULAA JIA PeaJIbHblxX MaTepHaJIOB C YIPOWHeEHHeEM YCJIOBHAM 


0<0(e)<o(e) +—Pe<ir<l. (2) 


Ilycts Q— orpaHnuenHaa o6sactTb, 3aHsaTaq esbopMupyembim Tesom, [ -— 
rpanuua Q. 


PaccmMoTpuM culeqyrollwe rpannuHble 3aqaun: 
I, Hatta pewienne ypaBHenusa (1), ecru 
Up lp = 0. 


I]. Haiirn peuenve ypaBHenus (1), ecu 


3 
K§ cos (vxx) + V 2 Ge; >) 3km COS (VXm) = Xy, + GRye; (3) 
m=1 
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3 
Rye ane V 2 we; > Bem COs (Wn) s (4) 


m=1 
{3necb K — moyyub BC€CTOPOHHEPO C2KaTHHA; COS (vXp) — KOCHHYC yrJia Me2K]Y 
JHOPMaJIBIO K i WM OCbBIO Xp; Xy, — MOBepXHOCTHBIe CH JIbI. 


Jina pewenua 3aqayu I, I 6yayr ucnonp30BaHEl cllenyiouyue PyHKIWOHab- 
ia MIpOcTpaHcrTpBa: 


. lycrb C, — MuoxkecTBo BeKTOP-PyHKUMH Vv ($1, %, %3), [BAK LbI Hempe- 
| Aucdepenuupyembix BQ uw paBHBIX HYJIO B HeKOTOpOli norpaHMuHol 
moioce. SajlaluM Ha C, cKasApHoe mpousBeyeHne 


b) b 
(ab)H16 cal \ \ [(e- re ey) )(e a ae ey) ar (em — eS) (e? ae eS) ate 
Q 


b b b 
F (est — ef) (eh — ef) + - (Caley + ee? + efdef)] + 5-00 da (5) 
HM BBeyeM OO03HayeHHe 
b b 
(ab) = (eg a) (e a oe a ee (eo ee ) am SF a el?) a 
b 
ee ee ey, ee lee ee eee lt 


|SampikaHve C, B HOpMe (5) Ha30BemM Fig. 
2. Anaslor“4gHo, MycTb Cy)—-MHOKeCTBO BeKTOP-PPyHKUHH V (4, 2, $3), 
| HeNpepbiIBHO Auiepenuupyemplx BQ HW yOBMeTBOPAIOUIMX yCOBHAM 


(gee ee 


ire R— paguyc-Bextop Toukw B Q. Ha I v He noqunHeHbl HUKAKHM yCJIO- 
BuaM. CKaJIapHoe TpousBefeHve Ha C, 3aaeM M0-lIpexHeMy BbIpaxkeHHeM (5): 
|Samprkaa C, BO BBeeHHOM HOpMe, Tomyuaem Me its mpoctrpaucTBo Hoo. 


| IV Ulta = | (4 Ge? + ) a0. 


| 
— Onpexenenue |. O6o6menHEIM peieHvem 3afaun | HasoBeM BeKTOp- 
dynKuuio a (U1, Uz, Us)€ Hig U YOBMeTBOpAIONLy!O HHTerpasIbHOMY TOR ECTBY 


| G z 
 aV)ing — FS 0%) (av) dQ— =| (Xp + Xupe+ Xoes)dQ—=0 - (6) 
Q ) 

| a mO60H BeEKTOP-byYHKUHA V (41, $2, $3). 

 Onpenenenune 2. Pemenuem s3aqaun 2 Has0BeM BeKTOP-PyHKILHIO 
b (uy, Ue, Us) € Hoo, YAOBNETBOPAIOMLy!O HHTerpasbHOMy TOK ecTBy 


4 

ini $\ o (ce) (bv) dQ2— =| CaO Hae oy wel Or 
Q Q 

| = \ (Xv,91 -fs XyP2 oe Xy,3) ar 


) = ip 


iA WOOO BeKTOP-CPYHKUUMU V (44, 2, 3) © Hoa. 

| SaMeTHM, 4TO eC HeKOTOpaa BeKTOp- -pyHKWMA — oOoOuleHHoe pellleHue 

“saan I usm II B cmpblcue NpHHATOTO 3feCb ONpeeJIeHHA, TO BbIMOJIHCHbI BCe 

-YCJIOBUA paBHOBeCHA Teja, eCM UX CCPOpMyJIMpOBaTb C TIOMOL{bIO MpvHnna 

OaMOacHbIx nepememesui JlarpaHxka; KpomMe Toro, OOoOIMeHHOe pellieHne 

Bcerfja OyeT KsaCCHUeCKHM, eCJIM OHO [Bak {bl HepepbIBHO mucdbepenuupyemo. 
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| 
| 


Bpeyem onepatoppt A u B CoOoTHOINeHHAMH 


(A aV)H10 = = 0) (er) (av) dQ + +\ (X11 = Xoo = X 33) dQ 


Q Q. 


Aa mo6oro v (91, Gs, 3) & Hie Hu 


(BbV)t19 = -¢-\ @ (e) (by) dQ + =| (Xi, + Xeps + Xgpq) dQ + 


3 
Q Q 


4 
+ | (Kags + Xugoa + Xve) aT 


Pp 


ia m060ro0 V (1, 2, 3) € Hao. Jlerko moKa3aTb, HcnOsb3sya Teopemy Pucca 
uto A u B pelicrsyioT B mpoctpancTBax Hy9 H Hyg COOTBETCTBEHHO. | 

OuesuHo, OTbICKaHHe OOOOUEHHOrO pellieHHA KpaeBoli 3aqaun | 9sKBUBA-f 
JIGHTHO peWI€HHIO OMepaTOpHOrO ypaBHeHHA 


= Aa, (7)) 


a OTbICKaHHe OOOOWIEHHOTO pewieHuaA KpaeBoli 3aqauH I] skBuBaJIeHTHO pelle-| 
HHIO OlepaTOpHoro ypaBHeHHA 


b= Bb. (8)) 


Teopema l. /lycmo 6olnoAansAtomcA YCAOBUA: 

LEX NeaA a lp, Pee) ,; 

2) w(e;) yOosraemeopsnem ycaoeusm (2). 

Tozda onepamop A(a) ecmb onepamop cocamusa 60 6cem npocmpaxcmee Ho, 
npudem umeem mecmo coomnowenue 


|| A (a1) — A (2) |! Hyg KAI] ar— ae||n, 9 O28 s06Hlx a1, as € Ayo, 


omKkyOa 6bimeKaem OOHO3Ha4HaA paspetumocmbo sadauu I. 

Teopema 2. IJ]ycmo evinoanenol 6ce ycaoeua meopemot 1; Xy,, Xv,, Xv, 
cymmupyemol Ha epanuye T co cmenenoto gq > */s; Y yOoeremeopsem ycaoeu- 
AM paspellumOoCcmMuU emopoll Kpaesolt 3adaXuU meopuu Yynpyeocmu *(3). 

Toeda onepamop B(b) ecmb onepamop coramusn 60 ecem npocmpancmee 
Also, npurem umeem mecmo coomnowenue 


| B (b,) —— B (b.) | A590 <h || b, — bs | A590 OA MOO bIX b,, b, & Alaa; 


omKyOa ebimeKaem OOHO3HAYAAA paspeuumocmb 3adauu II. 

Hi3 teopem | u 2 BbireKaeT, UTO MeTOA yupyrux pelleHHi AA paccMaT- 
PpuBaeMbIxX saad TeEOPHM IaCTHYHOCTH OyeT CXOAMTbCA B COOTBETCTBYIONLUX 
TIpOCTpaHCTBaxX CO CKOPOCTbIO reOMeTpHYeCKOH NporpeccuH co 3HaMeHaTesIeM i 
TIpH J060M BblOope HatasbHOrO NpHOmMxKeHUS. 

Teopema 3. Iycmo X, Y, ZE€Loo, T Ely (md), a 6 cayuae sadauu II 
Xe Ns € Wi? na epanuye*. B amom cayuae nocaedogamenobHocmu an, Oe 
ynpyeux pewenut npuradsexam WY u cxodamca 6 Vv co CKOpocmbio npo- 
U3600HOLi OM eeomempu4ecKoli Npoepeccuu Cc 3HAMeHAMereM d. 

M3 tTeopempt 3 BbiTeKaeT, 4TO nocmeqoBaTembHOCTH ylpyrux peeHut 


an, by CXOAATCA paBHOMepHO B Q2 CO CKOpOCTbIO MpoMsBOZHOL OT reomMeTpH- 
yecKOH NporpeccHH CO 3HaMeHaTesIeM } M CaMM pellleHuA npHHagexKat WY). 


* CucteMa BHeIIHMX CH B ciy4ae KpaeBo sagaun II ctatmueckH 9KBMBameHTHA HYJIO. 
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IIpumeuaunue |. Mapectuo (3), uro u3 CxogumocTu 'B Ho, i= 1,2, 


KiTeKaeT CXOAMMOcTD u, v, w B WSY. 

IIpuamMeuanne 2. CosepiiedHHO aHaJlorHuHoe paccMoTpeHve Hamu Ipo- 
BeeHO [JX ypaBHeHHH, ONMCbIBaIOWIMX HallpAxKeHHOe COCTOAHHE TWacTHH 
DM MaJIbIX YIIPyro-nacTHYecKHX edopmMattuax. IIpu 39TOM NoJyyeHbl ycwo- 
Hil PaSPCLMMOCTH OCHOBHDIX KPaeBbIX 3a]a4 HW OOOCHOBAH MeTO yIIpyrux 
PlUeHHH. 

| IIpumeuanne 3. Ycnopue (2) HauiMx Teopem He MOXKET ObiTb Ocsa6- 
cHO, KaK NOKa3bIBaeT TIPHMep, paCCMOTPeHHbI B (4), — ec NPHHATD A= 1, 
( ypaBHeHna (1) yxe He BCerga OyAyT pa3pelsMMbl. 

| IIpumeuaunue 4. Ormerum, uTO ypaBHeHusMH Cc OnepaTopoM cO6uIM2Ke- 
usa (Tuna (7), (8)) MoryT ObITb ONMCaHb! MHOrHe (Pu3H4eCKHe Mporecchl, Tak 
WaK OTKJIOHCHHA OT JIMHeMHbIX COOTHOWCHHH Me>Ky OCHOBHBIMH - llapaMeTpa- 
WM 3ajauH HOCAT YaCTO XapaKTep 3aBHCHMOCTH «HAaCHINLeEHHA), IPH 3TOM BbI- 
OJIHEHbI yCJIOBHA THNa ycJloBHH (2). Kpome paccMOTpeHHbIxX 3/[eCb 3aya4u 
eOPHH IJlaCTHYHOCTH K S9TOMY Ke THMY OTHOCATCH WH 3aauH Ha onpesesie- 
We MarHHTHOrO NOJIA B »*Kelese, PAe, KaK H3BeECTHO, MpH OO/JbIUMX Halips- 
@HHOCTAX HMe€eT MeCTO «HACHILIeCHHe), 3aauH O paBHOBeCHH MeMOpaHbI IpH 


jOJbUIMX TporHOax u Jp. 


PocToBckHh YrocyapcTBeHHbIit Tlocrynusto 
YHUBepcHuTer 19 II 1959 


WATHPOBAHHAA JIMTEPATYPA 


1A, A. Unbpwwmas, IInmactugnocths, M., 1948. 2?C. Tl. Tletrposa, JAH, 114, 
Ne 1 (1957), %C. YT. Muxauu, DTlpo6nema muHuMyMa kKBadpaTHyHoro cbyHKWHoHaa, 
952. 4B. M. Ba6uu4, IlpuKka. matem. u Mex,, 20, B. 6 (1956). 
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Jloknann Akagemunu nayr CCCP 
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3. E. BAMHIUTEMH, M. H. BPHJIb u WO. &. KONEJIEB 


TOHKAS CTPYKTYPA PEHTTEHOBCKHX K-CIIEK TPOB 
NOrJIOMJEHHA TATAHA B THTAHATAX CHCTEMbI BaO—Ti0O, 
MW EE CBA3b C XAPAKTEPOM MOJIAPH3AL.MH ATOMOB 
B.CErTHETOIJIEKTPHYECKHX KPHCTAJIJIAX 
(IIpedcmaeaneno axademuxom A. II. Buxoepadoeom 27 II 1959) 


UccneqopaHvA TOHKOM CTPYKTYPbI PeHTTeHOBCKHX CIMe€KTPOB MOMJOLULeHH| 
THTAaHa B MaTepHaslaX C BICOKOM JM9IeKTPUYECKOH IMPOHMMAeMOCThIO H CePA) 
TOSIEKTPHKAX, OTHOCAILMXCA K KHCJOPOMHO-OKTASIPH4eECKOMY THNY, KOTOPb: 
ObWIH BbIMNOJIHeHbI B MocjleqHHe rosp (174), NoKasaiH, YTO CTpyKTypa CNeKTpo} 
B COC(MHEHHAX C pellleTKOH THMa TepOBCKHTa MaJlIO 3aBHCHT OT MpHpod} 
HM pa3Mepa KaTHOHa H B ropa3sqo Ooubuler _Mepe UYBCTBHTeIbHa K Hs} 
MeHEHHIO YCJIOBHUM NOAAPH3allMu Morsollarouler | 
aTOMa B KPHCTadwe HW Mepexoyy BellecTBa } 
cerHeToaleKTpHueckoe coctosHHe. IlosTom’) 
OUe€Hb MHTepecHOH Ka3aslacb MOCTaHOBKa Ooue} 
CHCTeEMATHYeCKHX 9KCIEPHMeHTAJIbHbIX Uccse} 
HOBaHHH B 9TOH OOMacTH. C pyro cTOpOHbI 
Ba2KHO BbIACHHTb BO3MOXKHOCTb HCHO b30BaHH 

/ TOHKOH CTPYKTYPbl pPeHTTeHOBCKHX CMeKTPOl 

NOrIOMMeCHHA ATOMOB B_ CerHeTO3JIeKTPHYeCKH? 

= MaTepHalax Jd OL€HKH CHMMeTPHH WH BeHUM, 

Hbl BHYTPeHHEFO Nowa B KpucTasmax. B Hacto, 

alleH paOote JelaercA NOMbITKa MCCIeLOBaHHs, 

STUX BOIMPOCOB Ha IIpHMepe HeECKOJIbKUX CoeqH: 

is D W 00 36 HeHHH B cucTemMe BaO — TiQg. 

Usyuanucb MeTaTutTaHaT Gapusa (BaO -TiO,); 

Puc. 1, K-cnextpst normomesua AUTHTaHaT (BaO -2TiO,); TerpaTuTanaT (BaO | 

tuTawa B BaO-2TiO2 mpwtommu- .4TiO.) H THTaHaT, NOJYYeHHBIA B yCJIOBHAX, 

nae Sige pes a oe (7) uo, KOTOPbIX N10 JlaHHbIM HEKOTOPBIX HCCcJeLO- 

BaTeleH (°) oOpa3yercd TpuTuTanaT Oapna*. 

OKCHEPUMeHTaJIbHbIe YCOBHA, B KOTOPbIX H3yUaIHCb PeHTTeHOBCKHe cnekTpb 

NOPIOWeHHA THTAHA B YNOMSAHYTHIX COeCMHEHHAX, HW HCNOIb3OBaHHaA anmapa- 

Typa ObliH ONMCaHbI B Mpebilyuux padorax ('~4). TlepecuntaHuble K mKase 

SJEKTPOHBOJIbT SKCMEPHMECHTAIbHbIe Kpast NOTIOWEHHA THTAaHa B U3yYaBIUUXcs 
THTaHaTax OapHA H300paxKeHHI Ha puc. 1—3. 

PaccmorpeHue M ColocTaBsieHHe 9THX JaHHBIX Cc NOsyYeHHBIMY paHee (7) 
NO3BOJIAIOT CieaTb HECKOJIbKO 3akJIOUeHHI. 

1. PentreHoBckue CeKTpbI NOrOWeHHA THTAHa B MeTa-, IM- 1 TeTpaTHTaHa- 
TaX OapHA OOMALAalOT XapakTepHO AIA KaxJoro coeqMHeEHUA Hu OTMMUALOLILelicA 
Apyr oT Apyra TOHKOH CTpyktypow. Sto noyrBepxXaer chenanHbilt Hamu paHee 
BbIBOX O 3aBHCHMOCTH TOHKOH CTPyKTYPbl STUX CIeEKTPOB OT KpUCTamIMY4eCKOH 
CTPYKTYPbI THTAHATOB M YCOBHH NOMAPHSallM4H ATOMOB B CoeqHHeHUAX. C Apy- 

* CoequHeHus ObimM nomyuenbt H. HY. [lenouxunoii (°), kKOTOPad J06e3HO peyoctTapuua ux 


B Halle pacNOpsKeHHE [1A BbINOHEHUS] HaCTOAMero UCCeLOBaHUA. ABTOPbI MOMbSYIOTCH Cay: 
yaeM BbIpa3sHTb eH TlyOoKy!O MpH3HaTe/IbHOCTD. 
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OK CTOPOHbI, yKa3aHHbI€ OTIHYHA B CMEKTPaX ABJAIOTCA CePbe3HIM JOBOOM 
NOMb3yY IPH3HaHHA AUTUTAHATA (B OTHOWeHHH KOTOPOrO, 43-34 TPYAHOCTH ero 
ccleqOBaHHA OObIYHbIMH MeTOaMH, XMMHKM He MpHUWIN JO CHX Op K eqUHOMy 
HeHHIO) XHMHYeCKHM CoeHHeHHeM. 

2. CieKTpbl MOPOWeHHA THTaHa B TeTpaTHTaHaTe H OOpasile, KOTOPOMy 
MO2KHO ObwIO IpunucaTb cocraB BaO -3TiOs, Omu3Ku Apyr kK Apyry. O6a TuTanata 
OaaroT TaKHKe CXOAHIMA PeHTTeHOrpaMMaMH. STO, B CorlacHH C BbIBOJaMH, 

KOTOPbIM MIpHUWia Ha OCHOBaHHM WaHHbIX (PH3HKO-XHMMYeCKHX UCCeOBaHH 


4 
3 
72 
2 
a 


2 


E 


0 20 40 60 3 0 20 40 60 3b 


Pue. 2. K-cnekTpbl normomexus 

TuTaHa B BaO-4TiOe mpu Tommn- 

Hax mormoTuTena 5 mr/cm? (/) 
u 9 mr/cm? (2) 


Puc. 3. K-cnekTpbl nNoriouexua 
THTaHa B MOHOTHTaHaTe (/), qH- 
TuTaHate (2), TpHTHTaHaTe (3) u 
TetpaTuTanate (4) Oapua. Yaenb- 


| 


THTaHaToB Gapus H. MV. Ilenouxuua (°), moxer paccMaTpuBaTbca Kak yKa3aHve 
Ha TO, YTO TPHTHTAHAaT OapHA He MpescTaBsAeT COOOM HHJMBAAYaIbHOrO XHMH- 
ecKoro CoeqHHeHHS. 

3. TOHKHe CTPYKTYpbI PeHTTeHOBCKHX K-cleKTpOB MOTIOWeHHA THTaHa 

pa3JIH4HbIX OOpasllax TeTpaTHTaHaTa OapHuA, NOJYYeHHbIX Ha OCHOBe MaTepHa- 
OB pa3JIHYHOH CTeMeHH XHMHYeECKOH YHCTOTHIH B HECKOJIbKO pa3JIMYHbIX YCJIO- 
BUAX (puce. 1 HacToseH cTaTbH u puc. 3 coobuleHnaA (*)), OTMH4YAIOTCA [pyr oT 
upyra. [lapaiietbHO H3MeHAIOTCA TakiKe H JMVICKTPHYeCKHe XapakTepHCTHKH 
MaTepHaJIOB. OTO ABJIACTCA JONMOJIHHTEbHBIM CBHJETEJIbCTBOM B TOJIb3Y CelaH- 
HOrO HaMH paHee BBIBOJa O CBA3H Mey TOHKOM CTpyKTYpOH peHTreHoB- 
CKUX CMe€KTPpOB aTOMOB H YCJIOBHAMH UX NOMAPH3alHH B AHSIeKTpHyeCKHX 
MaTepHaslax. 

4. Hanu6onee coxHOK Mu OoraToH syKTyaWMAMH ABJIAeCTCA TOHKAaA CTPyK- 
Typa peHTreHosckoro K-ciekTpa MOriouleHHA THTAHa B CerHeTOSJIeKTPHYeCKOM 
MeTaTHTaHaTe Oapux. Pacienmenue 1s —4p- u ls—5p-nonoc norsonjexusa 
B CiekTpe THTAaHa B COeXMHEHHU JocTHraeT HavOoOJbUeH BeHUMHbI. Kaxkerca 
ECTECTBCHHBIM CBA3ATb HaGOMalolleecH ABJICHHe C OOJbIOH BeMYMHOH BHYT- 
PeHHero MOA B STHX KPHCTaax H PaCCMaTPHBaTb efO KaK HEKOTOPHIM aHaJor 
lTapKOBCKOFO paclilelJIeHHA B 3JIEKTPHUYeECKOM Tose COOTBETCTBYIONIUX BOSOyx- 
IM€HHbIX ypOBHelH B KPHCTaJe, Ha KOTOPble MepexogAT | s-a/1IeKTPOHbI uccIeye- 
MOrO aTOMa B pe3YJIbTaTe NMOFIOWEHHA PeHTTeHOBCKHX Jyuei. 

Ecuim 9TO Tak, TO He HCKJIIOUeHa BO3MOXKHOCTh MOCTAHOBKH H pellieHua OOpat- 
HOH 3aflauu HW UCMOsb30BaHHA TOHKOM CTPYKTYPbI PCHTTCHOBCKHX CIeKTPOB M0- 
rIOULCHUA ATOMOB B 3THX TeslaX JWIA OMpeeseHHA CHMMETPHH BHYTPeHHE"O NOVA 
3 KPHCTaJJle H OW€HKM eFO BeJIMUHHBI. 


HaA  IVJIOTHOCTb NOPIOTHTeIA 
5 mr/cm? 
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Caegzya Kongouy (7), MoxkHo (*) MOyYHTb COOTHOMEHHA, YCTaHaBJIMBaIOlIn¢} 
CBA3b MEKLY BEMYHHOM WTapKOBCKOYO paclileMeHHA COOTBETCTBYIOUIMX JIMHHh) 
NorJOWleHHA B CMekTpe THTaHAa B BaTiOs M Halpx2xKeHHOCTHIO MOA B KPHCTaJIWIe} 

Ilana n = 4 paccrosHve MexKy KOMMOHeHTaMH pacileneHHoro AyOleTa 


w = +0,55E 9B, (ly 


rie E — HalpaxKeHHOCTb NOJIA, WeHCTBy!OUlerO Ha MOH THTAHa B 10? oe el} 
USE ite 
w= +0,88 E 2B. (2)} 


Tak Kak NOJIy4eHHble HAMH 9KCMeEPHMeHTAaJIbHbIe 3HAYEHHA BEJIMYH HDI Paculen) 
JI@HUA JIA JIMHMH MOrOUleHHA THTAaHa, CBA3AHHbIX C Mepexoom 1s-3uleKTPOHEl 
Ha 4p- u 5p-yposun (puc. 1), paBHbl cooTBeTCTBeHHO 4,8 H 5 9B, TO, MObSYACES 
cooTHomeHHsamnH (1) n (2), MOyuaeM CieLyIOULy10 OMeHKY WIA BHYTPeHHETO NOWIA,| 
JleHcTBy1oulerO Ha HOH THTAHAa: 


Eie, (LO ol Oe meer 


0,95 -10°*4 cm? wu 3HaueHHeM oOObeMa 9uleMeHTapHoH sayeHKu BaTiO; 
(64 -10~?4 cm?), MoxKHO ON€HHTb BEIMYHHY CMOHTAHHOM NoapHsalun P, mpouc-| 
XOAULeH OT CMeLLeHHA HOHOB THTaHa: 


Pre Te 10. 9. Cee 


BpruucienHad TakKMM OOpasoM BeIMYMHAa CocTaBAeT MmpHmMepHo 20% Bceli| 
CNOHTAHHOHK NOAPH3aWHuu THTaHaTa OapHa u OM3Ka K OWeHKaM 3TOH BeMUH-| 
Hbl, BbITeKaIOUIMM M3 Apyrux coodpaxenuhi (2°). 

5. B ycOBHAX CHOHTAHHOH MOJApH3alHH HOH THTaHa B kpuctTasse BaTiOg,| 
OKa3bIBaeTCA CMeHLCHHbIM H3 WeHTpa KyOa. ITO MpHBOANT K NOHMKEHHIO CHM-) 
MeTpHH KpHCTasla, CTeMeHb KOTOPOrO 3aBHCHT OT HallpaBJIeHHA YNOMAHYTO- 
ro cMelleHHA. Tak, MpH CMeULeHHH MOHA THTaHa BONb ocu [001] cummerpual 
KpHCTaJla NOHMKaeTCA OT KyOnYeCKOH Cy, WH XapakTepH3yerca, TakKHM OOpa- 
30M, HaJIMYMeM OCH YeTBepToro HopsAyKa (Cy) H YeTbIPeX MpoOXOAAULMX Yepes 
Hee MJIOCKOCTell CHMMeTPHH (3y HM 3). COOTBETCTBEHHO TIpH CMeLLeHHH MOHAa 


THTaHa BAOMb oceH [111] u [O11] cumMerpua Kpuctasma noHMxKaeTcA JO Cay 
WH Cy). OTO, Kak H3BecTHO (11), FOJDKHO COMPOBOKMaThCA MOJHbIM HIM 4ac- 
THYHbIM PaClleMJICHHeM BbIPO*KCHHbIX YPOBHEH, YHCIO KOTOPbIX MOXKeT ObITb 
onpeqeseHO C MOMOUIbIO METOAOB TeEOpHH TipecCTaBeHH TOYeUHbIX rpynn, 
ONMCaHHbIX, HalipuMep, B (1%). 

Cpeav HeMpHBOAMMbIX TpeycTaBlenHii rpynnmbl WpeoOpasopanuli CHMMeTpHit 
Ky6a O;, MMeIOTCH OJHOMepHble, JBYMepHble HW TpeXMepHble MpecTaBuieHHuA, 
OTBEUAIOINMe TMPOCTbIM HM BbIPOKACHHIM YPOBHAM SHEPrHH CooTBeTCTBYIOULen 
KpaTHocTH. IIpH NoHWxKeHHM CHMMeTPHH KpHCTaJia BOJIHOBbIe (pyHKIHH BbI- 
PO2%KNCHHDIX COCTOAHHM MOPYT OCYIIeCTBIIATh y2Ke IpMBOAMMOe MpeycraBse- 
HW HOBOM Tpylilibl CuMMerpuu. PaswloxKeHHe STOrO MpeAcTaBeHuA Ha HenpH- 
BOAMMOe TipeCTaBJieHHe HOBOM YTpyllbl MO3BONHeT HCCMeEOBaTb CHATHE BbI- 
poxneHia. HavOoubitee uncsio pacuenenuit (TpH) MOxeT BO3HHKHYTb pu 
CHATHH BbIPOKACHHA YPOBHA, OTBEYAIOWErO TPeXMePHOMY MpescTaBJIeHHO. 

Kak NoKasbiBaloT BbIUHCJIeHHA, TpeXMepHble TpeycTassenua rpynnb Op 
TIpH H3MCHCHHH CHMMeCTPHH KPHCTada 10 Cy u Cy, pacnagqaiorca Ha OHO 
ABYMepHoe H OHO OMHOMepHOe MpelcTaBseHua. CooTBercTBeHHO JIA CHMMeT- 
puH Cy, HMeeT MeCTO pacilenJieHHe Ha TPH OHOMepHEIX MpegcraBeHus. 

@usuyecku 9TO O3HaaeT, 4TO CBASAHHOe CO CHONTAHHO! Nowa pHu3allnen 
CMellleHHe HOHA THTaHa B THTaHaTe OapHa B HampaBsennax [001] u [111] mower 
MPHBCCTH JIMIIb K Ppa3IBOCHHIO TPOeKPaTHO BbIPOXKLCHHEIX YPOBHEH, B TO BPeMsA 
kak CMellleHve Mo HampaBexuto [011] tomKHo npuBogUTb K NoHoMy pacuten- 
JI€HHIO YPOBHA Ha TpH. YkKa3aHHoe pacilemieHwe ypoBHeli, CKa3bIBarouleeca 
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MYJIbTHIMI€THOCTH KOHeYHOPO ypOBHA Nepexoga |s-9eKTpoHa B Mportecce 
POULCHHA PeHTTEHOBCKHX JIyyeli B KPHCTaswe, MPH OAarompHATHbIX ycuJo- 
AX MOKET MPOABJIATbCA B CJOXKHOH CTPYKTYpe COOTBeTCTBYIOWUX JIMHHH 
PAOWEHHA B PCHTTEHOBCKHX cleKTpax THTaHa B BaTiO; u B mpHHtune mo- 
OMAeT HCCMeEAOBATb YCOBHA CNOHTAHHOM MOApPH3allMu 9THX KPHCTAaJVJIOB 
mMpoKOH OOacTH Temnepatyp. Ilostomy B HalleH JaOopaTopuu mpoBossATcA 
CleOBaHHA, HMeOWHe WeIbIO NOyYeHHe HEOOXOAMMBIX 9KCMePHMeHTAJIbHbIX 
HHBbIX, OTCYTCTBYIOU[MX B HacTOsIlee BpeMaA. 


VucrutyT reoxuMHu HM aHamMTMueCcKoli XUMHM Tlocrymusto 
uM. B. HW. BepuagzcKoro 24 II 1959 
a Axkaylemunu Hayk CCCP 


Onecckuli Nefqarormvueckuli HHCTHTyT 
um. K. JI. YwwxuucKoro 
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WM. UW. OJIbDXOBCKHH 


O METOJE MOMEHTHBIX NPHBJIMDKEHHM B OBOBLIEHHON 
rHAPOAMWHAMHKE 


(IIpedcmaeaeno akxademuxom H. H. Bozoatoboeoim 25 II 1959) 


1. B pa6orax (1,?) Obiio oTMeyeHO, UTO KHHeTHYeCKOe ypaBHeHHe Bow) 
MaHa He COJepXKHT orpaHuyeHHH Ha BemMunHy © = Af,/At (At,— Bpema pa 
Jakcal\wH OWHOaTOMHOoro ra3a, Af — xapaKTepHbIM JIA HeEKOTOPOH paccmaTpt 
BaeMOH 3ayauH HHTepBaJl BpeMeHH). OOa pewebHbIX cyyuan (©<1, eS % 
pellieHua ypaBHenua Bosbiumana mo nmapamerpy ¢ uccseqoBamuch (*,*). Ho} 
TOMY €CTECTBCHHO IOCTaBHTb BOMpOC O TaKOM MeTOJe pellleHud ypaBHeHrt 
BowbuMaHa, KOTOpbIM He HaJlaraeT TpeOoBaHHH Ha e. 

B (°) Oblio TpewowKenHo passowenne Sespa3sMepHol byHKWMUM pacripesem) 
HHA g NO TpeXMePpHbIM TOJHHOMAM on Hs); 


(s s . 7 
B= 05) Ye HO i, 3 ( 
S U...05 
2&9 — BecoBad (PyHKUUA. 
B (?) 43 ypapHenua Bowbymana Oblia NomyyenHa cucTeMa ypaBHeHHlt a0 
a)(r, ¢) 6€3 HCcNOb30BaHMA YpaBHeHHH COXpaHeHHA COMO cpenpl’ 


ob dinc? au, 
22 Side Ox, Tesi eae : > Of, 05>) -- > one 


nC dt ut aerely re Ox 
p . . Dp . . S2 
Liesl 2-..lg P ix...ds 

4 », { du. 0c oN | 

2 “y (s—1) 2 > 8. - (sD 
e c A sore —X;, os ae ie 2— i, i a3 

e : dt s dx.” Beetle 

LN sche OP Tt. 


0 daSs) . jj S 
4 ys inis=)) iy... d\n ne Ou 
ae > Ox, (nc§ ey jee — 4 f <4 «| ats) Sesaie 


0 
y a—(nestig(stl) ) — J(s) . 
Pi, Les xy th “s nes ax, ( é vat) hides ’ (2 
(sy, | (srp) 
J ieee aa) fevds 01.607 O1-..5p ae Re, 


. 4 ; 
Siech n= \ f de; CoV hea ees : -\ fde; f—cdyuKuua pacnpenene 


Hus; BSP) —hyHKUHA OT Ce, OlpeyesIAeMad 34KOHOM B3aHMOJelcCTBHA Mek} 
yacTHaMu (°). 


* Beane no nopropsato 
PAIOLNMMCA MHAeKCaM MpOBOAuTCA CyMMMpoOBaHne. p eee o603Hayae’ 


CYMMHpoBaHue MO pa3JIMUaIOuLMuMcA Apyr OT Apyra ue 
HaM, TlOJl1yueuH 
PeCTaHOBKH HHeCKCOB. i "ae B Re ee 
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Tak Kak Hcnoub30BaHHe (1) He HaslaraeT Tpe6oBaHHi Has, TO CuCTemMa 
OblJia HasBaHa HaMHM CHCTeMOM ypaBHeHuH OOOOmMmeHHOH ruApogu- 
MUKHU. B nactosmet paOore mpefaraetca meTon pemlenua (2), Tak2Ke 
‘ipeqnosaraoulwH TpeOoBaHHl Ha e. . 

2. OTMeTHM OCHOBHBIe RU cucTembl (2) 


| aT = T. €. 3aKOHbl COXpaHeHHA MaCCbI, KovIMUeCTBa 


*KCHHA HU Bae AIA CpPeqHHX BeJIMYHH ABJIAIOTCH TOUHBIM CJIETCTBHeEM 


apHenua Bonpumana; JSi,--0 un ~1/t; t— Bpema mopayKka spemeHu pe- 


cauun, 1/t = By; 


| Puen Den Gn ree yes 
| p= phat Pie 2) | Ses eam 
Bp, (25-44)! 2 m r D) +s A(v)c pt Sy a | 
2 Ruy 
JIA TOTCHWHaJla B3AHMOJCHMCTBHA THA (vy ee 1) r’ =a F; 


Il. Jina J@ nw J@) go Momentos 5-ro nopayKa BKJIOUMTeIbHO NOJyUHM 
(2) _ 8 ¢ j(2)q(2) (2) (2) (2) (2) (2 
Vis ae = {Aso nis 5 Ay» (6 ist, %0y02% 0,02 — 3 014. fs0%) 1 
(2 (4 (4) 
at A 40. (Sixt, %proioses — 3esoor6% )}, (3) 


4 (3) (3) 
Js, 7 1 ag ( a? £40101 Sins — 9a) zis 
P tists 


Ag (25 (8) (2) _ (3) @) ~@) (2) . (3) 
2 (30527, Ofs0101 — B0210, %iat,0, +497,7,% e102 %is0102 — 48;,2,7o%pros02) ots 


Pros, 


3 of (5 (5) 
Ay (2 Oe eiosea® lols nie ’ 


Dien. / 
| fylals | 


| Be) B®) ated oe (3) (3) _ (3) _ 3 ge) 
ie AQ = = , A= a 6BO) - ’ A — 5 Abe» Be , Ads Ay =a Ass ° 
1 


| 


na YKa3aHHOTO BBbILLIe noTeuwuasia B3aHMOJeHCTBHA () 
SEE <7, ecu 3 <= V<.00. 

| 1 | 

M€MOBATeIbHO, WIA S=2, 3 JO MOMECHTOB 5-ro MOpAKa BKJIFOUHTEJIbHO 


€3aBHCHMO OT BEAMUMHDH a), BbINOJHAeTCA yCulOBHe™* 


BAR s=r+p SOWA Sarin: (4) 


ot (sr 
Tak KaK JIA MaKCBeJJIOBCKOH MOJemHM uA smo60ro s pla es EE 5 


?).,=0, TO MOXKHO jlyMaTb, uto (4) uMeeT MecTO H B OOULeM culyyae. 


III. Ilo onpeyenenuto nmoTHocTH uv cKopocTu «© = 1, a) =0, cmegqoBa- 
JIbHO, JieBad YaCcTb (2) pH s<s8 COfepxXUT UWieHbI, He HMCyesaloUMe, ec 
‘TpeMUTb K Hy0 afl, wn ero mpousBoguBie. B stom cu1yyae seBaa yacrTb (2) 
‘peMHTCH K HyJO TObKO pu s>>4. Hencuesaronue wieHbl (Ipu s<3) 
2JIMHEHHbI OTHOCHTEJIBHO fp, U, @. 

IV. Uncno uneHop mopsmka s—3, s—2, s—1,sB seBok actu (2) 


OTBETCTBEHHO paBHO 1/.5(s—1)(s—2), 3s(s—1), 3/.s(s+ 3), (8+ 3s), 


* Tn 6osee TOUHOH OMCHKU BBICIIMX UeCHOB MOXHO BBeCTH HOpMb a(S), OfHako aA 


3JIMYHBIX 3af,ay TOWHOCTb HECKOJIbKO pa3JIMuHa, NOSTOMY Mbl He MpoBosHM Oovlee Tula- 
JIbHOH OMeHKK. 
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eCJIM, KOH€4HO, HH OHH 3 YICEHOB He paBeH HYJIIO; YHCJIO UJICHOB (s + 1) 
nopayqkKa paBHo 3. i 

3. [lpeqaraemplii Metro pelieHua (2) 3aKsouaeTCA B TipeHeOpexKeHHu May 
mentamu ($+ 1)-ro nopayka M BbIlle TO CpaBHeHHIO C MOMCHTaMH JO S-Iy 
nopsyqKa BKJNOUNTebHO. IIpHBeqeM CHCTeMbl ypaBHeEHHH TepBoro, BTOPOro 
TpeTbero MpHOWKeHHH (HyJeBoe HM NepBoe NpHOmWKeHHA COBMAafaloT B CHIE 
amre= 0)": ) 


a Onu Ou 2 Ou 2 1 oP sateen, ) 
Ot San NG — 0, e uy a : = Gia a Ox. ’ fe = pc; (: 
at Ox, ot x, p Ox; 
an , On, ='6 OUu,;, te, Ou, ae yi 
at Cie ae OF On. re CONE? | 
( 
OP; ; Re Ou, Ou, a) Ss 6 
s u —= PF iD i Pp oom Pyi,= (Po,,:, Pe Ve 
ot + Uy Okey 9 10% BUA NO Gee eee Ox, 
an Onu.,, 0 Ou, i Ou; x 4 OP yi, 
dy nor, eee Cia? nh Oe. BN Ren 
OP; ; OP; ; du, Ou; Ou,;, O54, jemanG 
ap hare aa / aps ia +} == P i» ies ty = (Po, Pm ) 
OL ee Ox, Oxia se al Oe TPN OTe Y Ox., 
OS; isi OS + iol Ou, Ou, 4 : OP Ts 
an Pr Uy Ox, Gpey, Oe = > x, Syisis — Pp >) Pini Ox., ae ( 
P iyiotg P isfots 
0 4 e ’ 
zis Ox, > {CoP vi, Ofais ie CP x7, Oa Fats pcto yi, Sri, \ = 7 ( > Si,0:0:8iats — OE k 
p tlols P Cyinig 


YpaBHeHHA COXpaHeHHA SHEP pas/IMUHbIX NpHOWHKeHHH NoyyHM, Cy?) 
Mupya ypaBHeHna aia P;; B (6), (7): 


dP a et 
a (ua! Gene m4 
dP. ou 2 du, ; 
Ui gra eas ea 35, /% ; © 
dP du, 3 2 0u, : 1 OS. ] 
a Pe, | 3a, / ae ery e ¢ 


I 


V3 oproronampHoctu HA“) cnenyer, uro M3uaraeMblli MeTOR JaeT He peu! 
HH€ H€KOTOpOrO ypaBHeHHA, NOJyyYeHHOrO ycpeqHeHvemM ypaBHeHusa Bovibitm! 
Ha, a IpHOMKeHHOe pelleHHe caMoro ypaBHeHua Bowbumana. ScHo TaKxi 
uro OrpaHHveHH Ha © MeTOA He Mpegnomaraet. MoxHo JtyMaTb, 4TO I 
IV cuenyer, 4uTO MaKe B Cilyyae JocTaTOUHO OOMbUIMX OTKMOHEHHH ¢ 
JOKAIbHOrO PaBHOBeCHOrO COCTOAHHA MpeneOpexeHHe MOMeHTamH (s ++ 1)-I 
NOpAAKAa B TpaHCJAWMOHHOM yacTH (2) BO3MO%xXHO (KOHEUHO, pH HamMuMH Hi 
McyesaloulMX WICHOB HH3INero NOpasKa). CootpercTByloulee mpeneOpexeHt 


MOMeHTamu (s + 1)-ro nNopsyKa B Aer B cuury II, (4) BosMoxKHO pH yes 


BHM Takoro Tuna**: 
| a2) | Se | 8; 2, 04) — 3a{4) | ' ( 


L1l2 01010202 04620101 


* B (5), (6), (7) mer nepemum or dynKxunit aS) x , momenramé (cm. (°)). Kpome ror 
B (5), (6), (7) onyutenbl KBaxpaTugupie no a WJICHBI. 


** B (?) Mbl mpefmouaras GOovlee CusbHOe OrpanHyenne [eSs0|< 1, 
750 


‘| (5), (6), (7) HeamHelinnt mo p, u, e (cm. III). Uncno HeusBecrupix :byHk- 
Mi W ypaBHeHuli B KaxKOM mpvOmMxKeHuN paBHo: 5, 10, 20,... 

|| B cayyae ¢<1 pemenne (2) naeT usBecrHble pe3sybtaTH (?). JelicrBu- 
HeuIbHO, YpaBHeHHAMH MOC/eMOBaTeJIbHbIX MIpHOJIMKeHMH 10 MapamMerpy & 


O=J0, soo LY =J9, s>2, 1D, ) 


je L — TpaucJIAWHOHHaA yacTb (2). 
PewieHvem HyJleporo pHOnmKeHHA (9) aABaAeTCH: 


Osi —= Of Se Qeenan Pr Pore Soy = Oyn.: (10) 


Vs (9), (10), (2), (7), Ill Buano, yro neppoe npHOamxKenue onpeje- 
WyideTCH CHCTeMOH 


| Yi mraiaek (2) 4 dc? (3 
Ibe, | Ox, 30x, Sides sO ievag my DY a bite = SO Oye Sar) 


le ly Cen ee 


Pia Cales 
onpewenner af |.., uepes oneparop Hasbe—Croxca 4  onepatop 


2 
4 0c: P 
ha >) oF 6:7, - EcaM B ihe lipeHeOpeub MOMeHTaMH NlopsaKas > 4u KBal- 
Oger ly 
P isiots 


|PaTHYHDIMH WieHaMH 4{®) | to (11) upuBezer kK ypaBHeHuim Happe — 


S=2; 3” 


(Croxea. C 9tofi xe Tounocrhio u3 J& aaa S,2,;, MoyuKM 


(1) 4 ) 
Siists 7 5 (Sieo8es0, iS Solan ae, Siepones ), (12) 
| qa) SOE gon ent 
me Sioo = — 2h Ox, o=— 0, ke MEpBoe lipHOumKeHHe koa pulventa 


‘TenonpoBoyHoctTu mo Uenmany (3). (12) copnagaeT c ycuIOBHeM IIpHMeHHMOCTH 
_13-momextHoro nipHOmuxKenna Tpaga (°). 

M3 w3soxKeHHoro culeyeT; 1) ypaBHeHua Sitepa (cM. (°)) cipaBeyJIMBbI 
(C HEKOTOPOM CTeMeHbIO TOUHOCTH IIpH JHOOOM 3HaYeHHM &, TOrfa Kak ypaBHe- 
| HHA Hapbe —Croxca 4 jApyrve IpHOmMKeHNA MeTOa DucKoro — Uermana, 
| ABJIAIOLLEPOCA 6olee TOUHbIM M10 CpaBHeHHIO C Me€TOJIOM MOMeHTOB B OOJIacTH 
j¢<1, npn eZl tTepsor cmpica; 2) 13-mMomentHoe mpHOsMxeHHe I'paza, 
| Tlo-BHHMOMy, 3aHHMaeT MpoMexKyTOUHOe MOVIOKeHHE B NOJyYeHHOM HaMH 
| PAY MOMeHTHBIX mpHOvMxKeHHH, a MMeHHO, B pxgy 5-, 10-, 20-mMoMeHTHBIX 
| UpHOumKenHH. 
| OTMeTHM Tak>Ke, UTO ypaBHeHHsa (5), (6), (7) COBMeCTHO C rpaHHUHbIMH 
| yeiopuamu Maxkcpevwia (cM. (°,8)) aloT BO3MOXKHOCTb pelllaTb TpaHHUHble 3a- 
flauv o606mleHHOM ruApoyuHamuKu (cM. (‘)). 
| B 3akJrouenne TpHHoly ry6oKyo OnarofapHocts aka. H. H. boromw- 
| OoBy 3a IleHHbIe COBeTHI H OOCYXeCHHE pesyJIbTATOB. 


MockoBcKHi YrocyapcTBeHHbIii YyHHBepCHTeT Toctymuso 
um. M. B. JlomMoHocosa 5 II 1959 


WUTHMPOBAHHAA JIMTEPATYPA 


1Y. UW. Onbxosckuili, KOTO, 31, 238 (1956). * HW. HW. OnbxoBckuH, 
| JLAH, 118, Ne 3, 468 (1958). *S. Chapman, T. Cowling, The Mathematical Theory 
of Non-Uniform Gases, Cambridge, 1939. *H. Jaffé, Ann. Phys., 6, 195 (1930). 
' 5H. Grad, Comm. Pure and Appl. Math., 2, Ne 4, 331 (1949). ®°U. H. Onmpxos- 
cKku i, JIAH, 123, Ne 2 (1958) *7H.W. Onpxoscexu ih, JAH, 123, Ne 5 (1958). 
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PH3HKA} 


M. Tr. METPAIWKY u A. K. MAXYJI 
JIEJIEHHE AEP Th??? OTPHLATEJIbHbBIMH p- HW «-MES3OHAMM 


————S 


(I1pedcmaeaeno axademuxom B. H. Bexcaepom 10 II 1959) 


Baeyeuue. Jlenenne TAxKeJIbIX AEP ~ -M€3OHAMH MOXKET OCYIMeCTBJATECH ) 
JBYMA TyTAMU: , | 

I. Agppo Bos6yxksaeTcA MPH onTHyeckoM Tepexoge 2p—I1s ww -mMe3s0Ha BY 
Me30aTOMe Hi JI@JIMTCH, CCIM SHEPrHA Nepexofa MpeppllaeT Nopor dorosese- } 
HUA. Z | 

II. Tlyrem noroujeHHA Me30Ha HYKJOHAMH spa NO peakUMH wo + p—} 
—n-+y. [ 

Jl. ®. S3apeuxui (1) OOpaTHI BHUMaHHe Ha BO3MOXKHOCTb OespanallHou- | 
HOrO BOSOy*XeHHA Apa lo cxeme I Hapsyy c MCMycKaHHeM Y-KBaHTa TIpH | 
pafWalHOHHOM Tlepexofe HW Mocwleqyioulem BOsOyxeHHH Apa. Ecun TaKOH | 
mpoliecc GespaqnallMOHHOrO BOsOyxTeCHHA B JeHCTBHTeJIbHOCTH HMeeT MEeCTO, 
TO BEPOATHOCTh J€JICHHA MOXKET IpeBbIlaTb BePOATHOCTb JleJIeHHA lO cxeme | 
I], mpu KoTropoi wapametp Z?/A, xapakTepH3ylollHH CnocoOHOCcTb sAqpa K 
leJIeHHIO, YMeHbIlaeTCA MO OTHOWeHHIO K HCXOMHOMy spy (°). Jina ypaHa 
Sapeukui omyuns oTHomenue W,/Wy=5—20, rae W,— BepoasaTHoctTh 
6e3paqvalvouHoro Bo3sbyxTenusa u W.— BepoATHOCTb HCIyCKaHHA Y-KBaHTa TIpu | 
2p — \s-nepexoze. 

IIpHHuMaa BO BHHMaHve BepOxATHOCTb (PoTOemeHHA YpaHa Ip 3Heprun | 
BosOyxTeHHaA 6,5 Mos, papnyio 0,24 (°), MoxHO O6bIIO Obl OMKUMaTb, TO BS 
cpeqHeM H3 5 CylyyaeB 3axXBaTa Y -Me30HOB aTOMaMH ypaHa OJMH OyseT co- | 
MIpOBOmRAaTbeaA eseHveM. PesysbTaTbl padoTbl (*) CBHJeTebCTBYIOT O TOM, 
UTO IIpHOJIM3HTebHO Ha 13 3axXBa¥eHHbIX w -Me30HOB IIPHXOMTCA OAHO Jese- 
Hue. CuuTad, 4To mpolecc user wemMKOM lo cxeme I, wumMeem Woh s 
== 201 50108: a. 

MHTepecHoO NOJYIHTb CBEeCHHA O BepOATHOCTH GOespayHallHOHHOTO eueHHA | 
TopHa. MspecTHo, 4TO AIA TOPHA pH BOsOyRMeHHH Y{-KBaHTaMH C 9Hepruel 
6,5 MsB BeposTHOCTh JeJIeHHA cocTaBAeT >> 0,20 (3), CreqopaTenbHo, ecsH 
WeJeHHe Aep TOPUA OCyMeCTBJIAeTCA yTeM OespayHallMOHHOTO BosOyxKTeHHA 
HW (Wid Tepeqaud SHeEprHH BOsOyxKeHHA CyLeCTBeHHY!O POJlb HrpaloT Te 2%*e 
KaHaJibl, UTO HM B Cyyyae ypaHa, TO BEPOATHOCTh JeeHHA TOPpHA He MoumKHA 
ObITb Me€HbIIe, YEM BEPOATHOCTb JeeHuA ypaHa. 

B wacrostelt padoTe OHOBpeMeHHO C M3yYeHHeM JeeHHA TOpHA y-Me30- 
HaMH W3yyaeTcH HW feJIeHHe MpH 3axXBaTe © -Me30HOB, BBHAY TOro, YTO B 
OM€HKE BepOATHOCTH TepBoro Mpollecca HeEOOXOLMMO 3HaTb acptbeKT OT 3aXBaTa 
7 -M€3OHOB ApaMH TOpHA, Tak KaK IlyYOK  -Me€30HOB He SABJIA€TCA UMCTHIM. 

Metog uccneqoBanusa. Moronnacranku HUK®Y-P c rtommnnoli 
2MYJCHOHHOTO cox 200 % MpormnTpBach B 4% pacTBope HUTpaTa TOpHA 
Th(NOs;), B Teyenue | vaca wu 3aTeM mpocymiMBanuch. KomugectBo TOpUA, 
BBeEJCHHOFO B 9MYJIBCHIO, OPeJe/AOCb MYTeM CUeTA CJIENOB &-YaCTHIL WIMHOL 
14-18 w uw cocrapiano 0,027 + 0,032 r/cm? B pasHEIx macTHHKax. Bpino 
MpoBeweHo Ba THNa OOyUeHHH. 

I. OOsyyeHne p.-Me30HaMH MpOHsBOAMOCb B yCOBHAX pa6oTHI (4). CpenHee 
YHCJIO OCTAHOBOK M€30HOB B 9MYVJIBCHH paBHsAOch 400 cm 2. 


(by 


II. O6s1yusenue Mex eHHBIMH x -Me30HaMH IIPOBOAUOCb B TyuKe ™ -Me3OHOB 
3Hepruelt 150 Mas 3a MefHbIM (busbTpoM TosmMMHOH 8 cm. Cpegnee uucmO 
TaHOBOK B 9TOM. culyyae paBHAoch 2200 cm. PeructTpallux ocTaHOBoK 
- H & -Me30HOB H AaKTOB JeJIeHHA ALep TOPHA NPOH3BOAM Mach Ip NpocmMoTpe «no 
joulayqu» Ha Mukpockone MBM-3 c ysBenuuennem 300. SaperncTpupoBaH- 
ple CYGaH AHAJIM3HPOBaJIMCb pH yBesMueHHH 1350x. 


IKCNePHMeHTAbHHE pesy 1bTaTH. 


1. Teneuue) TOpua mpu 38axBaTe mw -Me30HOB. B muacTuHKax, 
OJYYCHHBIX ™ -Me3OHaMH, ObIO HaOmofeHo 11075 octTaHoBox, IIpuBoqum 
actipewesieHue jin 2847 o-3Be3y. 


Uucno myueh B 3Beare 0 4 2 3 4 5 
Uucso 3Be3y, Le WAS) Syl oa, “SLA NaH 3 


CpaBHuBad pacnpeyesenve 3Be3 110 TyyaM C aHHBbIMN paOoTst (5), MOxKHO 
AKJIOUMTb, UTO IIPHMeCb f& -Me€30HOB B HallleM CJlyyae COCTaBIAeT ~15%. 
e@OBaTesbHO, H3 11075 ocTraHoBok oKoso0 9400 oTHocaTCA K 1m~-Me30HaM. 
1a TOW Ke Moma Onlio 3aperucTpHpoBaHo 17 akToB jeleHua TOpHa co 
WIELYIOULMMH JJIHHaMH Tipo6eroB OCKOJIKOB JeJIeHHA: 


NoNe coryuaeB { 2 3 4 5 6 7 8 9 
IIpo6eru ocKouKos {I 14 Sit peal cf ODEs ted Dre ge tld lion tert ince Ayo AG 
PB) te lll 14 AO een ee) BL a SA Me og DO oa 

NoNe catyuaeB 10 11 12 §618 14 15 162 AT 


IIpo6eru ockomKos f I Ae eLOR mae Grete 1 ee 
BU II Adee iioae Sara | eae meee (el Ce 


| YunTbIBad pe3yJIbTaTbl, MOJYYeHHbIe Mp 3aXBaTe [4 -Me3O0HOB, KOTOpbIe 
IPMBeeHbl HWKE, MOKHO OTMETHTS, YTO ~0,0 culyyaeB JesleHHA u3 17 Bo3- 
MOXKHbI 3a CueT w -Me3OHOB. Takum OOpa3s0mM, BeposTHOcTb P(r), C KOTOpOH 
)TpHUaTeJIbHbI 7 -Me30H IPH OCTAHOBKE B 9MYJIbCHH BbISbIBaeT JeJIeHHe, paBHa 
11,84 0,4) 10°. 

| 2. Jleneuue TOPHA Mpu 3axBaTe pw -Me30HOB. B maacTuHKax, 
POJIYYCHHBIX  -Me30HaMH, HaOsopeHO 11270 octaHoxBok. IInumMecb = -mMe30HOB 
rocraBsiaa 0,2+0,1%. MoxHO omxuyaTb, TO He Oosee 1,8-10 3-22 ~0,1 
[@NCHHA SABJIAIOTCH pe3yJIbTATOM 3aXBaTa ™ -Me30HOB. Becero Opi0 OOHa- 
pykeHo 3 cuyyaad, KOTOpbIe CJIeqyeT CUHTaTb pe3yJIbTaTOM JeseHHA TO- 
pHa pw -Me30HaMH, CO CJIEXYIOWMMH JIMHaMH T1poOeroB OCKOJIKOB JeJeHHA: 


NoNe csryuaeB 1 2 3 


TIpo6eru ockomkon f ] 13 14 43 
Bu ro ala oy 10 


BepostHocTb P (wu), C KOTOPOH pw -Me30H BbISbIBaeT J[eJIEHHe pH OCTaHOBKe, 
oyueHa paBHon (2,7 + 1,7) 10%. 

| O6OcyxWeHve pe3yabTaTOB. BeposTHocTb aTomHoro 3axBatTa P, 
M€3OHOB TOPHA Oblla paccuMTaHa Ha OCHOBe 3akoHa Depmu — Teuepa (°, %, 4) 
- y¥eTOM TOrO, NTO aTOMBI TOPHA IIpH HalOJIHeCHHH 2MYJIbCHH BXOJAT TOJIbKO 
»*KerlaTHHy (8), H Nomyyena paBHow (3,6+0,3)-10°°. BepostHocTbh jenenux 
P;(=) Topua nm -Me3soHamMM paccyuTaHa lo cbopmyse Pj (7) = P(w)/0,4Po u 
ocTaBseT 0,13+0,04. BepoatHoctb nenenua P(x) AA ypaHa mo JaHHbIM 
paooTp! (°) paBHa 0,42+0,15. CpaBHusBad 9TH pe3yJIbTaTbl, MOXXHO BUJeTb, 
NTO B TIpemeax OWMOCK H3MepeHHM OTHOWEHHe BeEPpOATHOCTeH eeHuA TOPHA 
ypaHa paBHO OTHOMICHHIO COOTBeETCTBYIOMIUX ceveHHi cboToyemeHus. OTHO- 
eHHe CeyeHH (OTOAeeHUA TOpuA M ypaHa JIA Y-KBaHTOB C 9HeprHeli 
140 Mss no gaHHiM pa6oTsl (1°) pasno (43,3+1,4 mOapu) (1474 MmOapH). 
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BepoarHocth yesenua TOpHa p-Me3oHaMH paBHa Py (wu) = P (uw )/0,4P. =| 
— 0,018+0,012. Sror pesymbTaT NOSBOAeT OMCHHTb OTHOWEHHE BEPpOATHC 
cTeli OespaquallMoHHOrO BOsOy2KMeHHA M UCIHyCKaHuA Y-KBaHTa IPH 2p— 1s 
lepexoye. Cuntas, 4TO mpomlecc HAeT WeMKOM M0 CXeMe (1), umMeem 


W» 


Wy 


Oe We 


Bepxuuii mpeyesI STOTO OTHOWEHHA B HECKOJIbKO pa3 MEHbILIEe COOTBETCTBYK | 
mero pe3ysbTaTa Wid ypana. Ilo-BaqUMOMYy, 9TO pacxO*KeHHe MOXKHO CODAC| 
HUTb Ha ocHoBe cxembl I, npemnouarad, YTO B Clyyae TOPHA OCOpaTHaAa Tepe) 
jlaua SHepruu BO3Oy2KAeHHA spa MesOHy C NepexowoM MocseqHero U3 1d) 
B 2p-cOCTOAHHe BepOATHEe, YEM JIA ypaHa. | 

TakuM O6pa30M, HOJYYeHHbIe Pe3yJIbTAaTbI NOSBOAIOT YTBePKLaTb, YT} 
KaTasuTuueckoe jesienve (1) TOpHA w -Me30HaMH. yTeM OespayMallMOHHOrO 3é) 
XBaTa ABJAeTCA MaJlOBepoxTHbIM. Micnomb3yi oleHKH M3 paOoTH! (*) ul 
BePOATHOCTH BHYTPeHHeli KOHBepcuH, NosyyaeM, uTO HeOOXOZHMO OKOIIO 30} 
3aXBaTOB [. -Me30HOB aTOMAMH TOPHA, TOOL! MPOM3OLUIIO OHO KaTasMTHYeCKO! 
jeneuue. 

B 3aKsuoueHHe aBTOpbl BbIpakaloT OnarofapHocTb Npodeccopam X. Xywy) 
6ero, B. I. Jbxenenosy, B. M. Ilontexoppo, a takxe B. M. CuyopoBy) 
A. E. Virsatenxo u C. Monecky 3a nocTOAHHbIli HHTepec K paOoTe UM ILeHHBI 
copetnt H M. H. AntTonosot u JI. K. Bacunenko 3a NOMOLb pH mpocmoTp| 
TlaCTHHOK. \ 


As 


O6pbequHeHHEIM ~MHCTHTYT Iloctynuao 
AepHEIX MCCIeqoBaHuit 24 I 1959 


UWMTHPOBAHHAA JIUTEPATYPA 


iy. ® SapeuKuih, Pa6ora 15/P 2227, 2-a )Kenesck. koHd). No MHpHOMy uCNombSCct 
BaHH10 aTOMHOM SHepruu. 7 J.R. Huizenga, Phys. Rev., 109, 484 (1958). % JI.E. Jla 
sapesa,b.W. lapuaos,b.H. Banyes,l.H. 3anenuna,B.C. Crasu : 
cK H, JloKu. Ha Kon. No MHpHOMy MCNOb30BaHHIO ATOMHOM SHepruu B Mocxse, 1955 r., Orw 
cpus.-Matem. Hayk, crp. 346. * A. K. Muxya,M.T. Ilerpamxy, JIAH, 124, No 1 (1959) 
5M, Demeur, H. Huleux,G Vanderhaeghe, Nuovo Cim., 10, 509 (1956) 
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pil Oe BaHOBAa, 5 Pdsk INSEE) o) = PEG ih inl (2 ie 3 Bie 
ner, Phys. Rev., 105, 585 (1958). wie of an ae 
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P®H3ZHKA 


B. T. COJIOBbEB 


WY PABHEHHE AJIA BOJIHOBOMW PYHKILMM CHCTEMbI N YACTHLL 
B 3AQAUE MHOrHX TEJI 


(ITpedcmaezeno axademuxom. H. H. Bozoatnbosum 28 II 1959) 


B pa6ore (*) H. H. Boromo6oxn npexi0xKH HOBbI BapHallvoHHb npunun, 
IAIOWLMHCHA OOOOMWeHHeM M3BecTHOrO MeToa B. A. Moxa (*); paccmoTpeHue 
BOrO BapHallMOHHOrO IpHHUMNa Obwio MpoxomKexo B (?~°). B merogze Moxa 
{HMMYM SHeEPrH HlleTCA Ha KJlacce KBa3HHe3aBHCHMbIX BOJIHOBbIX (yHKIUMH 
(@JIbHbIX UaCTHIl, a B HOBOM BapHallMOHHOM IIpHHUHMe MAHHMYM 3Heprnu 
WeTCA Ha Ooslee WIHPOKOM KJlacce (PyHKUMH, a HMCHHO: KPOMe KBa3HHesaBUcH- 
}X BOJIHOBbIX pyecnat OTJICJIbHbIX UaCTHIL YUHTHIBAIOTCA BOJIHOBbIe (yHKIMH 
)) WacTHL. 

VispecTHo, 4TO B psAye PU3sHYeCKHX MpOLeccoB OoJbIUy!O PONb UTpaloT Kop- 
IALMM HeECKOJIbKHX YacTHL. JlelicTBHTeIbHO, B ABJICHHH CBepXMpOBOUMOCTH 
HLLECTBEHHYIO POJIb HIpaloT B3aHMOJeEHCTBUA Nap WICKTPOHOB C paBHBIMH UM Mmpo- 
pOTOIOXKHO HanpaBeHHIMH MMIMYJIbCaMu BOJIM3H 9HEprHH MOBepXHOCTH 
pMu. B aTOMHOM Ape BaxKHYIO POJb HIpaloT NapHble KOppeJIAWHH HYKJIOHOB, 
KOMAIMMXCA Ha BHEIHEH OOO0UKe, a B a-YaCTH4YHOH MOJeNM Apa paccmaTpu- 
DTCA KOPpeAWHH YeTbIPeX YaCTHI: JBYX IPOTOHOB MH ABYX HeEHTPOHOB HT. J. 
B caa3u c STHM MpescTaBder MHTepec NOyYHTh ypaBHeHHsA, KOTOpIe 
ITbIBAIM Obl He TOJIbKO KOPpeuIALMM WByX YaCTHI, HO TakxKe KoppeAWHH 
Soro uucia uactuy. Meroy, paspaOoranxpili H. H. Boromo6opnim (°), taer 
h/MOXKHOCTb NOJOUTH K yueTy Koppeauuh N uacTHy B 3afaye, re MoHOe 
mo uactun, N’ = N, T. e., mo cyulecTBy, K yyeTy Koppenauun N uvactTul 
jpene. B nactrosiei pa6oTe BOCMOb3yeMCA STHM METOJOM JIA HaXOKJeHHA 
IBHEHUA JIA BOJHOBOM CyHKWHH cucTembl N uacTHl, B 3ayaue MHOFHX Tell, 
ba B BUY MpHMeHeHHe ero K TeM MIpolleccaM, B KOTOPBIX BaeHyH0 pouIb 
)aIOT KOPPeJIAWMH MHOFHX YacrTHll. 

\PaccMoTpuM CHCTeMy B3aHMOJeHCTBYIONIMX (epMH-YaCTHIL C TaMHJIbTOHMAa- 


— 


, 1 , , : 

H=ST (fF fapap+ + SY K (fa fishy fe ohana, (1) 
hehe , , 
fifatpte 


T (f',f) =E(f',) —M(f—f’), octampupie oOosHayeHHA AaHbI Te xe, ITO 


q 


B (5), momb3yscb HOBbIM BapvalMOHHEIM MPHHILMNOM, Moulyyenbl ypaBHeHus 


(fF F.d)=0, BPE. 4) =0 var 9) 
| Haxomwmenua ar 4B) 


F (i, f') =<afay>, ((f, 1) = <aar>, (3) 


KAD = ee T. e. <...> O3HaYaeT yCpeHeHHe MO HeKOTOpOMy CTAaTH- 
Hyeckomy onepatopy D. 
5* 755: 


B cayyae HeCTalHOHAapHbIX TpoleccoOB aMIJIMTyAbl a; CeMyeT paccmaTp 
BaTb B UpeycTaBseHuu Te3senOepra, HW Tora 


joF ee es [af ap, HS; puaees = €[Af,2jes /04 9) ( 


HJid, Ha OCHOBaHHH (°): | 
jut) _ (ffl Fi) i PCED — oh, fel Fe). 
PaccMOTpHM KOppeJIAWHOHHY!O (yHKIMIO <ay,.. yy : a, > B X-Hpe| 


CTaBJIGEHHH B Cylyyae, KOra YHCO YaCTHIL Mf ABJIACTCA XOPOLWIMM KBaHTOBE 
YHCJIOM, MOSTOMY BbIOpocuM us (1) xMMMYeCKHit NoTeHUMan 2. [lyctTb 3| 
KOppeJIAWHOHHYIO (YHKUMIO MOXKHO MpeACTaBHTb B Bue | 


Cy oe ayy OY = D(a ee YN) O(n so YH) ESS ( 
1 . 


rye s JOcTaTOUHO ObICTpO CTPeMHTCA K HYJIO, KOra paccTOAHMe MexKAy ¢ | 
CTCMaMH (vy,-.-, Vn) H (¥z,.--, Yn) CTPCMHTCA K OCCKOHEYHOCTH, a MHTEP}} 


apt Buga §|d(v,..., wv) 2 dvi npa 1 <<i<N spanatotca cxoqauumuca. B aT} 
cayuae (vy,...,¥N) MOXKHO HHTeplpeTHpOBaTb KaK BOJIHOBYIO (yHKI) 
cuctembl N yactTui. . 

UroObl BbIBeCTH ypaBHeHHe, onpeyessmoujee $(vj,..., nN), PaccCMOTp) 


MBYXBPeMeHHYI0 KOPpeJIALMOHHY!O §=6PYHKUMIO ay, (£).. - Quy (i) aia (t)..J 
N i 
ay (t)>; mpoxuddepenuupoBaB ee NO BpeMeHH ¢, NOyUHM 
1 
ao 

i= Kay (t)\ Wade) a (2) 0 (2) ae 

=X[ay, (eager aal ay (2) my a}(*)>. 
_ B 9T0 ypaBHeHve BXOAAT KOppeNALMOHHbIe PyHkKuUMH, copeprxatue 2N -4} 
onepatopos. Ilepeliyem kK mpHOm2KeHHOMY ypaBHeHH10, BbIpasuB KOppeviall 


OHHy!0 (pyHKIHIO, cofepxallyio 2N +2 onepatopos, mpHOmu2KeHHO yer | 
KOppeJIALMOHHbIe yHKIMH AByx uw 2N onepatTopos, cuexyrouum o6pasc| 


Caf (1) (6) + Oy, (8) regs (8) oy (Bag t) an (Ba (2). a (= 


N 
= ¥ (—1)" Caf (1) ay, (1) Car, (1). Oop_y(0) a(t) ade © 


J=1,f#t 
+ Ay; (1) Ay 4, (t) ++ Ay (t) ay (2) ay (2) wee a, (1) 


1 Cah) a(t caer) ee een) ee 
eA): ay" (*) i a (2) + (=1)" <aF (OG, Oa, Oe 
+ + Gy, y(t) 4,4, (t) +. Ary (t) af (2) ai} (3) Tease 
1 


Pe S COMCPAKUT Takve WIEHBI, KOTOpble CTpeMATCA K HywJIO Mp yyaseH 
COBOKYIHOCTH (¥;,...,¥v) B SecKoHeuHOCTb. 3ameTuM, TO IIpH pacuyjenwen} 
(8) ucIO YacTH, n cOxpaHseTca. 

Bauy Toro, YO B CTalHOHapHOM COCTOAHHM BONHOBaA PyHKuna dy NC 


Ha ObiTe Mponopyvonadbua e—*V™, B OOmeM HepaBHOBeCHOM culyyae BbITeUI 
STOT MHOXKHTEJIb, a AMeCHHO: 


be(v4, see » VN) = CNG (v1, One Vy). 
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Ijplonctasum (8) B (7) H yqanum coBoKynHocTb (vi; ...;¥y) B 6ecKOHeU- 
f)cTb; TOra, Nosbsysxcb (6), NoryuuM SANE as ypapHenue JA BOJHOBOK 
HVHKUAA cuctempl N uacruu: 


ba OUaaraculae Nie Carer oie 


N 
qs Yd (ry yis RPV ie Mage 


| >: “ K (fas fa Yer 2) (Vis v0 Vim» fost owe, Blak apa s 4 Noe 


+ . y Rat, as Viy i tGs fa) d (v1; eee y Vid Bs Vi+4 peee Yn) + 
Sint: 
faa ReGen tus) bit) Oars os Wea faa Vina ana 
Be 2 Sues Gaiuvn (ec DG GS ey Os Fon.) anaes 
t=1 pik, fy 
e» Vi-1) fates OOF) vn). : (10) 
PaccMOTpHM ypaBHeHHe JIA BOJHOBOM (byHKWMH cucTembl N yacTul B 
Jaye MHOrMX TeJl B JBYX WaCTHbIX Cyuasax. 
| Tlepsamt caryuan: 
f=(7,9) EG. fy=EMsi—f), (11) 
fr Vaya Lota fone fo fe 
tpayem V (fy, f2) = oy (|r: — re |, 1, 92). 


| B stom cayuae Agate (10) npumer Bug 


Yi? (v4... 5 9) = y {LE (vs) J np aA yr, PY} b (vas «es 9) — 


Z=1 


N 
— DV Oa IF (Fb On... fs Yeta + -9 9) + 


i=1 f 


N 
+ YS Ve v) Py... Ww) — 


é>j=1 


eM 
aa Dy >, SV Wes f) FF v1) B ay ee 9 Ys Fe Vets + + + 9 Vv) (12) 
| im1/=1,/41 f 
| ypaBHeHue yaa F (f, f’) 3amuuiem Tak: 


iS PEP ={E)-EDSF GL + 
Benen iV Mei AE hh eke) ae Fat Vite 
+P PY OES PY}, (13) 
puuem F (f,f’) u $(f, f’) cBa3aHbl Mexy coOoM COOTHOLMeHHAMH 


FRI = HE MAGE AY +E FP, Py 
re 


(14) 
SE PF P Pf) OF: fe). f (i f)} = 
f" 
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B cralvouapHoM cy1yuae 


OF Uf) 228 = 1| 
ape Ca 0, ( | 


u Korga N =2, To (12) copnagaer c (21) pa6ornt (°), a B cayyae N al 
nomlyyuaeM ypaBHeHve mMeTofa PokKa Cc TeM OTJMYHEM, YTO B ypaBHeHHM Jy 
F (f, f’) yaurTpiatorca KoppeJiAlMa Tap wacrul. ‘ a 

B KayecTBe BTOporo -IpHMepa PaCCMOTPHM CTal[HOHAaPHBIH CJIydaH: 


f =(p, 9), EG) = 240) sii) (1) 
K (Fos fe lu fey = V (Pos ps Pr P2)9 (fr + f2— fi — fe) 
B lpeycTaBlenun, rye F (jf, /’) Muaronambya, T. e. 


PAT PON aah a) (1 


u3 (14) cuenyet, uro 


b(PY=O(S(F+P) (2, +)=—o(p)> $(P,—) = 9(P). (ly 


Ypapuenve fia b(v,,...,V¥N) MOUYYHM B Bue bs * 
N 


4 
> {[E(o)—¥] + 25\V(q' p53 pig’ )F(q’)\ Uva. - 9 YW) E py > {V'(pi ; 
ie i>j=1f=(@9) | 


q \ 
Sie Pi— 9,9; Pir Pi) [1 id i) E (pz) d (V5 stele) Vija— 19 Vib Vine ik Vj+4)- 


-. +) W-as P EL 2 NS OS dg 


ae 


TmipHyem 
F (p) = F (p)?? + $(p)?. 


B 93TOM Cyyyae pOulb Cpefbl CBOJMTCA K TOABJICEHHIO MHOKUTEJ 
(1—F (p;)— F (p,)) B uneHe B3anMojelcTBHA. 

TaKuM O0Opa30M, HOBbIM BapHallMOHHbI PMH U MaTeMaTHYeCcKH MeTO 
(°), paspa6otanypie H. H. Boromo6oBbim, MO3BOIAIOT YUHTbIBATb HE TOJIbK, 
MlapHble KOppeJIAWMA, HO TakxKe M KOppemauMH N uacTuil B 3ayaye MHOrH, 
Tel. SaMeTHM, YTO YHCIO YaCTHW CTporo coxpaHseTCA B MpocTpaHcTBeHHC 
OMHOPOWHEIX 3afjayaxX WM He COXpaHAeTCA B CJlyyae MpOCTpaHCTBeHHO-HEOJHC 
pOJHBIX 3ayau. 

B 3akslovenne BbIpaxaio rmyOoKyio OsarofapHocTb aka. H. H. Boros, 
O6oBy 3a NOCTOAHHBIM MHTepec K paOoTe MW IeHHbIe 3aMeuaHHA. 

O6pequHeHHbIM =MHCTHTYT Tloctynuno 

ANePHEIX HccIesoBaHHit 14 II 49595 

( 
( 


UMTHPOBAHHAS JIATEPATYPA 


1H. H. Boroaw6os, JAH, 119,244 (1958). 2B. A. ®o K, Z8sf, Phys.eo 
126 (1930), *C. B. Ta6auxos, JAH, 121, 250 (1958). *C. B. Ta6OaHKOE 
Hay. Joka. pict. miko, 1, Ne3 (1958). © H.H. Boronw60B,B.l. ConoBbeer 
JIAH, 124, Ne 5 (1959). ®H.H. Borowaw6os, Yen. (bus. HayK, 67, Ne 4 (1959). 
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Aonnayn Akagemuu nayr CCCP 
1959. Tom 126, Ne 4 


TEO@H3HKA 


Yneu-Koppecnouzent AH CCCP 10. B. PASHHYUEHKO 


(0 PACCEAHHbIX OTPA)KEHHO-IIPEJIOMJIEHHbIX CEMCMH4UECKHX 
a BOJIHAX 


J\H OWCHKH MaKCHMAaJIbHOM BO3MOXHOH MIYOUHbI pasBeAKH MoO celicmuyecko- 
My MeTOLy OTpaxKeHHbIX BOJIH B TOM CJly4dae, Kora cCpeja, NOKpbiBarollan uccwe- 
! yemy!0 TpaHHlly, CaMa COep2xXHT MHOXKECTBO OTParkKalollle-MpesOMMAIOUUX 
PAHMIL M MOTOMY He BOJHe «Mpospa4uHa», ClelyeT OLCHHTb JHEPruIO paccesH- 
IBIX OTPaXKCHHO-IIPeCJIOMJICHHBIX BOJIH-TOMeX, OOPa3syrOllNXCA B ITOH cpeye. 3a- 
(ava 9Ta B MpMHlMMe OM3Ka K 3afayaM O pacceAHHM CBeTa B MYTHOH cpelle, 
(allpHMep OO OLleHKe CTeMeHH MpO3payHOCTH BOLI MocpekcTBOM AucKa Cekku. 
DqHAKO, BCJIECTBHe HMMYJIbCHOTO XapakTepa CelCMHYeCKUX BOJIH H HEKOTOPbIX 
PyTHX MpPH4HH, H3BeCTHbI€ MeTOAbI pPelleHHA ONMTMYeECKHX HM ONM3KHX K HUM 
IbTPpaSBYKOBbIX 3aJlay HeMocpeCTBeHHO K celicmuke HempHMeHuMEI. B Vucru- 
‘ yre dusuku 3emiu AH CCCP A. M. Enuxatpeson (!) HeqaBHo Onli paccMoTpeHbl 
y coperHueckH HEKOTOPble BapMaHTbI CelicMuYeCKON 3aqa4u. B HacTosllem coo6- 
MleHUM pelllaeTcA BapHaHT, OTJMUYAIOWIMHICA TeM, YTO B HEM: YUMTHIBAeTCA NeHCT- 
isHe CBOOOJHOH NoBepXHOCTH SeMJIH; pellleHve JaeTCA WIA TOUKH HaGwJO,eHHA 
HIM BO3OyxKeHHA KONeOaHH, Haxofaulelica B mOOOH To“Ke paccenBarollel 
rpeibl, WIM, ToUHee, Ha JIOOOM H3 MHOXeCTB pacceMBaIOWMX paHull, He OOA- 
saTCJIbDHO Ha NOBePXHOCTH pacceHMBalolleH Cpe; (POPMYJIbI WIA CYMM PAOB, 
KOTOPBIMH OMpeMeIAIOTCA UNCA BOJIH Pa3JIMUHOM KpaTHOCTH OTPaxKeHHi HM Mpe- 
NOMIe€HHH, LaloTcd B KOH€UHOM BHJe. 
IlycTb nNoKpbiBarollaica cpella MIOCKOMAapaJJebHO-CJIOMCTa HM COCTOHT U3 
AHOPOWHOrO MaTepHasla, B KOTOPbIM BKJIIOUCHbI OJMHAKOBbIC TOHKME OTPaxkalo- 
€-TIPeJIOMIAIONIMe COM WIM «rpaHHibm, HaxOALIWecd Ha PaBHbIX paccTos- 
WAX pyr oT Apyra. Bos6yx Jenne KoneOaHuli MpOMCXOMUT, CKa2%KeM, y CBOOO]- 
HOM MOBePXHOCTH, a IpHeM — Ha TOM 2XKe NOBEPXHOCTH MIM Ha MOOOK rpaHulle; 
TOUKH BOSOYXxKMeHHA WM MIpHeMa MOXKHO NOMeHATb MecTaMH. CylHOCTbh 3aja4uH 
MIOCTpHpyerca puc. 1, re cxeMaTHYeCKH NOKa3aH XO JIyYeH pacceAHHbIX 
BOJH B Cllyuae Tpex rpanuy /, 2, 3; 0 —cBoOoxHaA NoBepxHocTb; S — ucTou- 
MK THIa KpaTKOBpeMeHHOro uMMyJbca; A —TouKa mpnema. IIpu nayennu 
BOJIHbI Ha KaxK/Ly10 rpaHully CBepXy HJIM CHH3Y Ha He OOpasyiOTCA [Be BOJHEI: 
OTPaxKeHHad C 9HEpreTHyecKHM KoOdPPHILHeEHTOM OTPaxKeHHA /* HW MpesOMMeHHaA 

KoappulueHToM p. Y MOBepXHOCTH NOUBbI MPOMCXOAUT NomHOe BHYTpeHHee 
oTpaxkeHue curHaia KHu3y. B TouKy A OJHOBPeMeHHO IIPHXOAMT HECKOJIbKO BOJIH 
C pa3JIM4YHbIM YHCJIOM OTPaxKeHHli HW MpeOMMeHHH. 

Ecam paccTrosHua MexkLy rpaHilamMu He COBCeM OAMHAKOBLI, TO MHTepdepeH- 
UMA BOJIH MOXKET MPOMCXOMUTb He TOALKO B (ase HIM MpoTHBOdase, HU Tora yueT 
3Haka CMelLeHHH He HMeeT CMBICIa. STO H ONpaBAbIBaeT MPHHATHIM 3ecb SHEp- 
reTHUeCKHH]) NOLXON: JaHHoe paccMoTpeHue G.1H2xKe COOTBETCTBYeT reopusuyeckon 
JleHCTBUTeJIbHOCTH. 

Pacuer KouMYeCTBa BOJIH, MPHXOAAMMX B TOUKY Mpwema C oMmpeeeHHEM, 
PasIMUHbIM JIA pasHbIX BOJH, YMCIOM OTparKenuit (7) u NpetoMeHHi (p) mpo- 
BeyleM Mo culemyroulel cxeme (cM. puc. 2). KpomMe HH2KHeM NoJyMOcKOcTH, pac- 
MOJIOXKeHHOH MOJ, HOBEPXHOCTbIO 3eM1H OO’, BBeeM B PacCMOTpeHHe BePXHIOIO 
«3epKaJIbHylo» MomynocKocrb. JlonycruM, 4To u3 uCTOUHMKa O NocTynaioT 
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OBbIe BOJHbI: B HHXKHIOIO HK B BEPXHIOIO MOYTMOCKOs 
CTH; 3TO IIpHBeNeT JIHWb K YABOCHHIO YMCA BCCX BOJH. LODO ae 
Hell, uTo OO’ aBsneTcA Tako 2Ke oTparkarollle-MpesIOMAAIOMeH TPpaHHUeH, a} 
u Bee OCTAIbHbIe. 3aylaya o MosynpocrpancTBe MpMBoAUTCA Tenepb K 3ajla : 
© MOJIHOM IIpocTpaHcTBe, MpH4eM NoHOe BHYTPeHHee oTpaxkeHue youre 
apromaTuuecku. IIpu stom, ecw p + = 1, TO MoHOe BHYTPeHHee ona 
MpOMCXOMUT 6e3 TOTepH 9HEPIHU, CCH We p+r<l, To c morepeH, TO Ta 

BIIOJIHe JOMYCTHMO C PeoUsHyecKOH TOUKH 3PeHHA. 


OJHOBPeMeHHO [Be OJMHaAK 


Pue. 4 


Tlepexogqum co6cTBeHHo kK pacuety. B Kab y3e ceTKH puc. 2 NpHXONAT 
BOJIHbI 10 JBYM HallpaBJIeHHAM: CHH3Y (OO6O03HaYHM 3TO HalpaBseHHe JeHCTBH- 
TeJIbHOH eHHHUeH) H CBepxy (o603HauHM ero MHHMOH efuHHueH i). Torga cur- 
HaJl, IPHXOJAWHH B TOUKY (Mm, nN), MOXKHO 3aMHcaTb B BUe KOMIVJICKCHOM BeJIH- 
WHHbI (m, n) = A + iB, rne A = Re(m, n);B = Im (m, n). Curnan, npuxo- 
WAU K MOBEPXHOCTH NOYBHI, IpeACTaBHTCA BbIPaxkeHHem (Mm, N)| man, B KOTOPOM 
A = B, Jina BuyTpenueli TouKu (m, n), re m=En, pellieHve mpecTaBuTcaA BbIpa- 
»*eHHeM 3/, [(m, n) + (n, m)]. 

B cooTBeTCTBHH CO CXeMOH PHC. 2 MOXKHO 3aMlHCaTb OCHOBHYIO PeKYPPeHTHYIO 
opMysly WIA CHrHadla, MpHXoOLAUero B MO6y!o TOUKY Nocwle OTpaxkeHuA UW mpe- 
JIOMI€HHA B MpeAbIyulHxX TOUKAaX: 


(m, n) = pRe(m—1, n)+rim(m—1, n)+ 
+ i{rRe(m, n—1)+ pIm(m, n—1)}. (1) 


5B JarOofapA CHMMeTPHH HMeemM 


Im(m, n) =Re(n, m); Re(m, n)=Im(n, m). (2) 


Ja TOWeK Ha KpaeBblX JIMHHAX CeTKH puc. 2, T.e. AIA NPAMBIX BOIH, 
HaxOJ\MM 


(m, 0) = p™—, (0, m) = ip". (3) 


Tenepb, Nomb3yACb peKyppeHTHOH dopmyvio#t (1), nocenoBaTebHO ompese- 
JIAeCM 3HaYeHHe CHTHasia B TOUKax HHH (0, 1), (1,1), ..., (m, 1); (0, 2), 


(1,2), (2, 2), ... , (m,2) mu 1. mg, Haxonen, conoctapnaa BbIParxKeHHA 
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4—1 


n 


(m, n) = Re(m, Ws HE n); (4): 


Re (m,n) — aan) (mma 2A aren 
4 (mnt) co - (m= 2) (1) pn npanmt 4. 
gh ice en ear staal (m= 2)(0 1) pm ntapenma 4. 
pe ee evra ike a (m= 2) —1) pm ntopanms 4 
Se WO ai 0 yee as a: (2 —2)(m—1) pa ntoan—t 4 8 
Jp Moet) ee ts (n—2)(n—1) 


sy te nee) (m—n+k-+1).. 
(1 —k)! 
(n—k)(n—R+1).. 

a zl 


- (m — 2)(m — 1) pm—n-tek—2pen —2kt1 | 


(n—2)(n—1) 


Ne n + R) (m— See . (tm — 2)(m — 1) pm—ntek—lyen—2k 4° |, 

3 = He oa ee 
ae 1) (m — 2) we 1) prtn—oy5 

2% ont) nD m= pmtn 

ui (n—2)I naar ini aa ie 

2 — 2)(n—1 

ee cea a emis + 

as ‘4 - a nn 1) pmtn—3/2 1 

Bp alee (5) 
Im(m, n) = (m—n-+1)(m—n-+2)...(m—2)(m—1) pm—npen—1 4 


(n—1)! 


= (m == Se 2) (m ss: wy : (m = 2) (m FuL 1) pm—etipen—2 + 
+2 - 1) (m—n-+ 2) (m— n+) . (m— 2)(m — 1) pm—ntep2n—8 1 
ree 1) (m—n + 3) (m— oe . (m— 2)(m—1) pm—ntspen—4 te ., 
(n—k+1)(n—k+2)...(n—2)(n—1) 
a (E—1)! “ 
a ag yy im —n+k)(m—n ie . (m— 2)(m—1) pm—ntek—2pon—akt1 1 
(n—k+1)(n—h +2)... (n=2)(n—1) 
ae (k— NT " 
y (mant k-+4A)(m ic ae +o (m — 2)(m—1) pm—nt2k—tyen—2k 1, 
“ ay 
, + 3° at 4) a= oe) press a 
53 6 in ON — 4). ind, Ne 2° mat 2, Bana 
ae Sao! ieee ch (n— 2)! pO oa 
+ Parser, (6) 
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m, 1), (m,2), ... , HaxoquM oOmee pewienne (m, nN) MA MPOH3BOJIbHO} 
TOUKH ceTKH puc, 2. TpaBoyqumM oKOHUATeJIbHbIe POpMYVIbI: 

B copmymax (5)—(6) Kosdpunnenter npu p%r®, a, B= 1, 2,..., cq 
lepxKaT CYMMbI YWICHOB YHCJICHHbIX PxAOB Bua i 


N 


YvO+D OF)... Oe) = ota NN INKN + 2)... (Nb e ED) ( 


v=1 


WM BbIpaxKaloT YHCNO BOMH, Mpereplesuux % MpesomieHHi u B oTparkeHH| 
(v=1, 2, ... N). Paccmorpenuve crpyKTypbl 9THX KOSPPHIMeHTOB TIPHBOLH| 
K BbIBOLY, 4YTO NpH s§OObIx CUKCHPOBaHHbIX SHAYeHMAX P HF CyIleCTBYIO| 
TaKHe JOCTaTOUHO OoJbIIMe 3HAYeHHA m MN, Ip KOTOPbIX CYMMapHbIe MHC} 
rOKpaTHble BOJIHbI CTaHOBATCA MHTeCHCHBHee BOJIH, OMHOKPaTHO OTPaxKeHHBI| 
oT m1060H HMKHeH rpaHHltbl pacceuBatomeli cpeqbl. Mupimu cioBamu, MpH AC) 
CTaTOUHOM TOJUIMHE VM CJIOXKHOCTH CTPOeCHHA NOKPbIBAaIOMeH CpeAbI yKa3aHHOr) 
Tua OHA CTAHOBHTCA. «HeTpospayHOl» JIA TtyOMHHbIX OTPaxKeHHbIX BOJIH. | 
OTHOCHTeJIbHO MpO3pauHOCTH JIM HelMpospayHOCTH NOKPbIBalolleH cper} 
JaHHOrO THMa B KOHKPeTHBIX yCJIOBHAX MOMKHO CYMTb Ha OCHOBAHMH UMCJICHHBI | 
pacueToB 10 dopmy.iam (4) — (6), KoTopble JaloT sHaveHHe pacceAHHOM paqnallur} 
pacuer OMHOKpPaTHBIX BOJIH, OTPaxKeHHBIX OT HW2KHEM PpaHHIb! paccenBaroules 
cpebl, BNOTHe aIeMeHTapeH. PacctosHua R u Bpema ¢ BBOAATCA B pacueT)) 
yTeM (bHKCHpOBaHHA paccTOAHHA hh MeKy TOHKMMH CJIOAMH B pacCeHBalc 
meu cpeye, yria mamqeHua 9, a TakxKe CKOPOCTH pactipocTpaHeHua Bow VI 
SaTyxaHve SHeprHH cC pacCTOAHHeM HM BO BPeMeHH OlpeyesiseTcA C yueTO) 
ccbepuuecKoro pacxoxKJeHHA 9HEpruH NponopuMoHambHO |/R?, rye R=Vt = 
=(a+ 8+ 1)h/cosp—juuHa nyTH BCeX BOJIH, MpHXOAAWIMX B TOUKY Hal 
Om0feHvH B OHO HM TO xe Bpemsa. Torsomjenve MoxeT ObITb BBeZeHO Yue] 
HOM Bua e-*R wa %Ke COOTBETCTBYIONIMM BbIOOpOM 3HaveHHli p ur Mp] 
p+r<l. : 
CrefieHb [pO3pauHOCTH MOKpbiBalollel CpeAbl MOXKHO XapakTepH30BarT) 
OTHOWCHHCM HHTCHCMBHOCTH T1OJIe3SHOH OHOKpaTHOM OTPaxKeHHOH BOJIHI| 
K CYMM@pHOH MHTeHCHBHOCTH pacCeAHHOM paylMallWM MHOTOKpaTHbIX OTpaxKeH 
HO-IIP€JIOMJICHHBIX BOJIH-MOMex. Ona olpefesmeTca He TOJIbKO NapamMeTpaM 
caMOH Cpejlbl, HO Tak2Ke yrJIOM NayeHHA ~ HW YacTOTOH @ KONeOaHuH B cei 
CMHYeCCKHX MMIlyuIbcax, Tak Kak p=p(%, ©) Hr=r(¢%, @) (MOMaraeM, UT 
V ne 3apucut oT @). Bauanue sTHx (bakTOpOB Ha MHOTOKpaTHble OTpaxKeHH’ 
HM MpeslomMieHua u3yyanocb B Muctutyte dbusuKu Seman AH CCCP locpesCTBO? 
MOJeJIMpOBaHUA Ha YJIbTpasByKe, YTO 3aCJIy2KMBAeT CllelMasIbHOoro OOcyxKeHUA 
: 


Uncrutyt dusuku 3emau um. O. IO. Lmugta Tloctynwio 
Akaylemuu Hayk CCCP 31, JIT 1959 


WAHTHPOBAHHAA JIMTEPATYPA 
1A. M. Enuuatpesa, Yas. AH(CCCP, cep. reodus., No 7 (1959). 
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ornangn Akagemun nayr CCCP 
1959. Tom 126, Ni 4 


TEO@SH3HKA 


A. C. CTABPOBCKHH 


PACIIPOCTPAHEHHE BOJIH HA TPAHWWE YIIPYroro 
NOJIYMPOCTPAHCTBA, BbISbIBAEMbIX BOJIHAMM )KUJKOCTH 
B BACCEHHE CO CKAUKOOBPA3HO MEHSIOWENCA FJIYBHHONM 


(ITpedcmasaeHo axademukom By Be Wl yanetixunoim 14 IT 1959) 


Ha MoBepxHocTH %KHKOCTH, 3alOJIHAIOWeH mosyOecKOHeuHbIi GacceiH 
IIpAMOWHHeMHOH OeperoBoH YepTOH, Upodwib KOTOporo mpeycTaByieH Ha 
onc. 1, B MoMeHT BpemMeHnH ¢ = 0 BOSHHKaeT IIPAMOYFOJIbHOe NOJHATHe XKHI- 
octu. IloqHaTwe femuTca Ha fBa, OeryljHe B MpOTHBOMOJIO*KHbIe CTOPOHH. 
Kaxkoe W3 HHX MMeeT NOJOBMHHY!IO BbicoTy. JleopMallua NOAHATHH B MecTe 
plepexojla 43 rsyOoKOBOAHOM wacTH OacceliHa B MeJIKOBO,uYyI0'H Ha OeperoBoli 


Puce. 1. Beptukambubilt paspes Oaccelina 


ae ONpeyesAeTCA SaKOHaMM TeCOPHH JWIMHHBIX BOJH (+). Hoa noqHaTuaMu 
HoOpasylorca neperpysku yaBleHui Ha JHO OacceliHa, MpOMOplMOHaJIbHbIe BbI- 
kote nogHaATHu. IlpeneOperan BeuunHamMu A, u Ah, 10 CpaBHeHHlO C OeCKOHeU- 
HOH TIpOTHKeHHOCTHIO yIpyro Cpeybl BHMS M MeperpyskaMu JaBseHMli Ha 
OOKOBbIeC YACTH TpaHWUbl 2KUTKOM uM YypyroH cpex, Mouyyaem cwexyiouly1o 
Banayy WuWHaAMHUYeECKOH TeOpHuH yupyrocTH AAA NOoMyNpo- 
ICT paHCTBA: 

| Jo momenta Bpemenu ¢ = 0 cBoOoqHoe OT Hallpm@KeHHH Ha rpaHHe mosy- 
MpocrpancTBo y>0O noKkoutca; c MoMenta ¢ =O kK uacTH rpanuuE y = 0, 
i >0O mpuKsjaqpBaeTcA KOMMIeKC Harpy30K JaBeHuh p(x, ¢), BeMuMHa u 
HCKOPOCTb J[BH2KeHHA KOTOPHIX MOJIyYaOTCH Ha OCHOBe 3aKOHOB TeOpHH JJIMH- 
WHbIX BosH. Haiirn ropH30HTaJIbHble CMeIICHHA UW HM BePTHKaJIbHbIe CMeLIeHHA V 
48 lomympoctpauctBe Aa t > 0. 

Bpipaxkaid cMelleHHA Yepes CKaJIAPHbI MW BeKTOPHbIM MOTeHIMabl p HU 


mo dbopmysiam 
ee d9 ov = do Oy (1) 


> 
irge >—coctaBrstoulad > BONb OCH, MeplleH_uKyApHO mmocKoctu xOy, 
(NOyuaeM ypaBHeHHA JBHXKeHHA Cpefbl B Bue 


He , 09 1 o> Pa Pree (2) 


oa + yt at Oe? oat Saye OF OF” 
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rye a= V0 -+ 2u)/9— cCKOpocTb MpoAOJbHOH BOJIHEI; b6=Vu / 9 — CKOpOCcT | 
Tlonlepewoli BOJHBI; } H ~—mocTosHHbIe JIame. Hauanbunie yCJIOBHA 


ie ae a5 DU age | 
? fond kivie we OF Ne a fue) Ak OL een 0 (3), 
WM fpaHHUHble YCJIOBHA 
"Qo Copa) eet oy = 
[2 andy 1 Oy ail, ieee (4)) 


G ee a Saas 77 a arp) es ae 7 


p(x, t) cocTOouT H3 pxya TMepemelatoujHxXcH C MOCTOAHHOM CKOPOCTbIO MOCTO-| 
AHHbIX J[ABJIGHHH COOTBETCTBCHHO THAPOAHHAMMYeCKHM YCJIOBMAM Ha IIOBepX-ii 
HOCTH X%KHKOCTH. YUHTHIBAIOTCA JIHIb TaBJICHHA, CYWLeCTBYIOINHe JO MOMEHTA)) 
BTOpOrO NOAXOa NOAHATHA 2%KHAKOCTH K OeperoBo yepTe, Kak BbISbIBaIOLIHe} 
rjlaBHy!O YaCTb WHTEPeCyIOUAX Hac B J[aJIbHEMIMeM CMeLeHHH CYLIH. 

Harpy3ka nocTrosHHOM BesMunHE! P, mpocTupatoulaaca oT x, = F; (f) 20} 
X_ = F(t), %1 <%g, MOXKeT ObITb ug06paxkera MHTerpaJioM 


p(x, t) => | exp lik (x—x)] —exp lik (x — me) 
CooTBeTCTBeEHHO 3STOMY pelenne ymveTcA B Bue 
eS | 

P = : 
g=s> \ @,(y, k, t)exp (ikx) & ert ae ( ¥; (y, 2, t) exp (ikx) 2 (5)| 
—c —co | 


K ypaBHeHHaM HM TpaHHUHbIM YCJIOBMAM, Nlowyuaiwuumca qua OM, nu Pi,’ 
TIpHMenseTcA mpeoOpasopanuve Jlanmaca c yueTOM HaYasbHbIX ycnoBui. Haii-| 
yenHoe yOpiBatollee pH Y—>So pemlenne B Kslacce u306paxKenuli oOpamlaerca | 
3aTeM H3BECTHBIM HHTerpasIOM TeEOPHH OnepallMOHHOrO MCUNCJIeHHA, BCeICTBHe | 


yero pelleHHve 3afaun NOJyuaeTcA B Bue 
I 


oe} -+Lico 
Pi : 
u(x, y,t)= Ge crn \ exp (ikx) dk \ R e 5 Bk, S) exp (st) ds, 
—oo 9—ioo j 
(ore) §-+Lico | 
F dk | 
v(%..Y,t)\= ia =z \ exp (ikx) = \ ee V io B (k, s) exp (st) ds, (6) | 
—oo 9—i00 


rye 
QO;= (24? + =) exp! (—y V # ay SS \— 
Sey 8 tal eta eae 
com (+ Lean (9 // BSS) 20 nv BD) 


%— Takoe NoJO%KUTeNbHOe YHCIO, UTO BCe OCOObIe TOUKH NOJBIHTeL pa JIbHBIX 
2 o “s 2 
@yHKuHi ocTaoTca seBee eer Res=; -R(k [s)= (2k? +- z) —_ 


— AR? Vere = ieee: =0 jaer ypapHenve [Poanes; B(k, s)= 
ay exp (— st Be 
a da ed oat , THE Cpg — CKOPOCTH ABHXKEHHA NOAHATHH KUD- 
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4KOCTH Ha ruyOokou Bose Cy = V ghs HW Ha M@JIKOBONbEe Cy =V gh, C HX 3Ha- 
{KAM (IIOJIOXKUTeJIbHBIe IPH ABHXKEHHH K Gepery) nau HyIM; /p¢ — BeHUMHDI, 
COCTOAILMe M3 CJlaraeMbIX, IpONOpWHOHaJbHbIX paCCTOAHHIO MepBOHaYaJIbHOrO 
MOAHATUA OT Gepera L, ANMHe MOAHATHA 2/ unu wMpuHe OTMesU d; tp cooT- 
|BETCTBYIOT MOMeHTaM OOpa30BaHuAl WIM YHHUTOXKeHHA OTJCJbHbIX NOLHATHH 
{2KUAKOCTH HM BbIparkatoTca uepes L, d, 1, Cy M Cy} Apg MPONOPWHOHAIbHbI BBI- 
cOTaM HORHATHH. oe «&e Ee #8 

MccseqoBaHbl CMeuleHua Ha rpaHutle. Ha mocKocTH KOMMJIeKCHOrO Mepe- 
/MeHHOrO s paspe3bl pagukanos Vk? -+ s?/a? u Vk? + s?/6? nampapsenst oT 
Touek BeTBIeHHA S=—+ika u s=-+ikb BaOb MHMMOH OCH B OecKOHeU- 
HOCTb, 4TO TOCIe 3aMeHbl MepeMeHHOM BONb STOH OcH s=iké, ds = ikd 
MO3BOJIACT MOJIHOCTbIO’HaHTH BbiIpakeHua yin u(x, 0, ft) =U u v(x, 0, t)=7, 
He puGeraad K acHMMToTMYecKuM oteHKaM. Tloxazano, uto *~==0. [na U 
HalijeHbl BOJHbI Passes, Mosmyuarouluecd OT BbIUeTOB MOAbIHTerpasbHbIX PyHK~ 
uni B Toukax s=-—+ikV, rage V—ckopoctb BomHb! Paien, u OObeMHBIe 
‘(MpofoubHO-nonepewHble) BOJHbI, MaTeMaTHYeCKHMHM BbIPaxKeHHAMHM KOTOPbIX 
clyKaT WHTerpanbl Blob paspeson cbyakuun Yk? + s?/a? Vk? + s? / b? 
|Ha IJlocKocTH Ss Mexkily s=ika u s=ikb, a TakxKe s = — ika u s = — ikb. 

PaccykeHuA NpOBOAMINcb LA YaCTH rpaHulbl Noynpoctpauctsa y = 0, 
x< 0. YxKa3aHbl MOMeHTHI BCTYNJICHHA HW MpOXoxKWeHHA OOBeMHBIX BOJIH HU 
BoIH Ponex ja cbuKcHpoBaHHoro MecTa ycTaHOBKH celcMorpada x < 0. 
B snuncsleHuax UpHusta rumotesa Ilyaccona }= up. 

J] OTebHOrO CsaraeMOrO TOPH3OHTAJIbHOTO CMeLLCHHA OT IpOxXomwAeHuA 
| OObeEMHOH BOJIHbI HMeeM 


b 2P 
U5q <a “op 7P9 [(x — lpq) Ibe + b(t —tp) Dig] (7) 
rye P — japnenuve NOJIOBHHbI NepBOHaAvaJIbHOTO NOAHATHA. 
"e S (7?) Ne S (4?) 

a en See ee = pea WS 
| Oe hae \ we, 764% haat ) Sua ae 
| ia ipsiraieak ti eegey 20 Cnt V a Gat) 
| 0 tt, 6? ONT (2 16 (1 — 73) (4 — 4), ” 


MOXKHO T1peACTaBUTb B CJIEXYIOULEM Buse: 


arc tg ( tg 


( 1 

4 arc tg | tg ro) 

4 = 3—% Pq 

Ca Ames) elder: 3—%, ! 
=¢ (1%) / Pees 


aR ae N\ (8) 


Fk, 9) wu IL(h, k®, »)—9nauntuyeckue unTerpanbl |-ro u 3-ro pofos, 
%1,2,3—— HeHYyJiepble KOPHH ypaBHeHua (2 —x)*-+ 16(1—x/3)(x—1) =0, 
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npvyem ares 62, re V—ckopoctd Bonnp Posen; x= 02,/0°, Pp, = 
ae aresin (T= V 37); > Pyq = 0 MPH Yo = 4/6 = V3, Te €. B MOMeHT 


BCTYNJeHUA; —,, = 7/2UPH Y= 1, Te €.B MOMCHT KOHILA npoxoxeHHs 06 
x3 — 6xt + 16x; — 6 
<2) . =__l ero 
€MHOM BOJIHbI Yepes MecTo HaOmO,eHUA; Ay Gaia) Ca 
As, Az, A, MOMyyatoTcA KpyroBoli MepecTaHOBKOH HH]CKCOB. — 


a 


aby, = ab_;,* a, 


100-10" “xm 
2 10 0 120 ,130+ 720 ‘7901280 \1290 1850 \V660cek. 
¢ —_-_ 
h -10 | 
-200 | 
<I 
X = 
mi Ye Mor esl go -598 - 505 


-400 | ; 
-500 et 

V, Vi 
- 600 Vs te t4 rar 6 -- 


Puc. 2. O6man{ceiicmorpamMa ropH30HTaMbHOrO CMeUeCHHA CyIWH_Ha_3aaHHOM pacCTOAHHU OT 
6epera 


CooTBeTcTByIOllee CMeMleHHe OT BOJIHbI Poses 


P a 
C= u ane V =a [x — lpg + V(t —fp)I, (9) 


rye 


(2 —V2/ 62)? (2 —V2/b2— 2V1—V?2/ @& V1 —V?/ 6?) 


2 = Wee) OVP +a BD] 


BewuunHa CMelleHHiA OT IpOXO%*K CHUA OODeMHEIX BOJIH 3ABHCHT OT BeJIMUHHbI 
WM 3HaKa Cpg WH MPONOPMMOHAbHa Apg. CMeleHHe BO3HHKaeT IIpH M3MeHeHHU 
BBICOTHI NOLHATHA %UAKOCTH, HO HE H3MCHACTCA OT JBY2XKCHMA MOMHATHA NOCTO- 
SHHOM BbICOTHI! C NOCTOAHHOM cKopocTsio. [loce mpoxoxeHHA BCeX BOJIH 
B MecTe HaOJIOMeHHA OCTaeTCA MOCTOAHHOe CMeLIeHHe, MpomopmwouasbHoe 
JWIMHeE NepBOHavaJbHOrO NOAHATHA wuAKOcTH. MakcuMyM aMIJMTyAbI ropu- 
3OHTAJIbHOTO CMeILCHHA Mp yaleHuu @T Oepera ocTaeTCA MOUTH HeH3MeH- 
HbIM. Ero mpeyeybHoe 3HaYeHHe NpOMOpWuOHabHO JJIMHE MepBOHauaJIbHOrO — 
NOMHATHA. 

Ha puc. 2 npuBefena celicmMorpaMMa TOpH30HTaJIbHOTO cMelleHua (OObeM- 
HbI€ BOJIHEI ab;, v BomHb! Panea Vz,, aby, , , HMYTOXAHEI), NOCTPpoeHHad AIA 


paccrosHus oT Gepera (— x) = 300 km, L = 150 xm, d— 25 xm, 2/ = 250M, 
h, = 200 m, hz = 4000 m, V=3,45 xm/cex; ¢t; = 0 —MomenT BO3HUKHOBe- 
HUA AByX NOWHATHH, Gerymux B Pa3Hble CTOPOHbI CO CKOPOCTbWO C3. 


MopckoH rugpodusuueckuH MHCTHTYT Tlocrynnuio 
AxkaylemuH HayK CCCP 11 II 1959 


UMTHMPOBAHHASA JIMTEPATYPA 


1T, Jlam6, Yugpogunamuxa, M., 1947. 
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Torxaagn Akagemunu nwayr CCCP 
1959. Tom 126, Ns 4 


TEO@PH3SHKA 


Nl. A. WYMCKUMK 
MJIOTHOCTb JIEMHHKOBOFO JIbJA 
(ITpedcmaeaexo axademuxom B. B. Hyaetixuneim 19 I 1959). 


| Jlequuku mpegcTaBastoT co6oH BHXKYIIMeCA CKONJIeHMA Jha aTMocdep- 
WOrO IIPOHCXO*KeHHA, COMepKallero 3HaAUHTeMbHOe KOJIMYeECTBO BKJIOUCHHE 
bosqyxa. Ilo mMepe HakolvieHuA CBepXy HOBBIX cOeB B OOsacTH NMTaHHA 
WeHuKa Je C MOBePpXHOCTH TlorpyxKaetca Ha Bce OdmbUyIo rryOuHy (HHOra 
40 3—4 KM), a 3aT€M BbITAHBaeT HA MOBEPXHOCTb B OOMACTH YObINIM JeqHuKa. 
llorpyxxascbh, Ie MOL WaBJIeHveM BBIMeTexKAaNMX CIO€B CKUMACTCA UM YIVJIOT- 
HACTCA, A BO3BpallladCb K MOBeEPXHOCTH, OH 4YaCTHUHO BHOBb paCLIMpxAeTCA u 
TaHOBHTCA MeHee TIJOTHLIM. BemwunHa WaBJIeHHA B TOME JIeHHKa 3aBUCHT 
‘aK OT IJIyYOMHbI NO], NOBEPXHOCTbIO, TaK HM OT MJOTHOCTH JIbla, a nocuen- 
{AA MCHACTCA TaK2Ke NO] BIMAHMeEM pa3JIMUMH B TeMMepaType pa3HbIx yacTelt 
nequvka. IIpH JaHHOow CKOpOCTH HaKOMIJIeHHA WIM CTaMBaHWA JIbya Ha M0- 
€pXHOCTH CKOPOCTb MOrpyXKeHHA HIM MOMHATHA Iba B TrsryOuHe HaxOWUTCH 
8 3ABHCHMOCTH OT erO YMJOTHEHHA WJM paclMpeHHaA, COOTBETCTBEHHO pa3- 
HMUHbIM OKa3bIBaeTCH H BO3pacT Jibfa Ha TOM WIM MHOW rsyOuHe. 

| Cnaraiommi nequuku sen I umeer KoaddpunHeHT OObeEMHOM CxKMMaAeMOCTH 
t= 1,2- 10° 6ap?, cpenuult (mo pa3zmuHbIM KpucTasorpadpayeckuM HalpaB- 
I@HHAM) TeMMepaTypHpli KoasdpwuMeHT  JIMHeMHOrTO paciiMpeHHA a,;—= 
~0,51-104 rpay wu naornocTs Tog AaBsenvem B | HOpM. aTM, (p,,) MpH Temre- 
patype 9 = 0° Spe 0,91670 r-cm?, a BKmOUeHHDI B Jef BOSTYX CKH- 
aeTcaA NO WaBeHHem m0 3akoHy Bolima— Mapnotta uw umeeT KoadpulMeHT 
Obemuoro pacummpenun B= 3,66-10°% rpay? u p,=1,294-10% r-cm®. 
_ AwanuTuueckoe pelieHve 3aauu O MIOTHOCTH sbsa B rayOuHe Me,HUKOB 
a OCHOBaHMH 9THX JaHHbIX BO3MO2XKHO JIMUIb pH JOMyWeHuM, 4YTO MpoOlleccsl 
VIJIOTHEHHA MW paClIMpeHHA JbJa ABJIAIOTCH YMCTO YUpyrHMu HM Mpoucxo_AT 
MTHOBEHHO, TaK UTO B JOOOH MOMeCHT BPeMeHH TIIOTHOCTb Jha OOycsOBeHa 
(OJIbKO BHeEWHYM aBJIeHHeM HM TeMMepaTypoH. 

| O6o3HayHM py HavaJIbHY!O IVIOTHOCTS Jibda HW. Po HavasbHoe MaBweHue (Ha 
OBePXHOCTH paBHoe aTmocdepHomy). BpiyeuHM MbICIeHHO BBepxy TOHKHH 


| 


POH Jibqa BecOM Ha eAHHMIy nwomann Ap=1 4 tTommuHolt ho = 1/pog 
|g — ycKopenve cub TaxKecTH). Ecam mpeneOpeub BeCOM BKJIOYeHHOTO B sey 
Bosyxa, TO yvacTb Jy TOMMMHEI STOO COA, COCTOAMMLAA U3 Mba, MpH TeM- 


epatype % paBHa 


i 
| 


13 


ae Pp. bey 
fp =o Fal (1 +19) (1) 
YACTb TOJMIMHbI COA Jo, COCTOAMAat U3 BOSLyxXa, paBHa 
4 P= (fo Py) 
Jo = tare (1 + B66). (2) 


JlonycruM Tenepb, uTO Halll col norpysHvicd Ha rulyOuHy Zz HW OKasaJIcA 
Non fapsenvem p. I]noTHocTb p, paBHa: 


4 4 4 
p Se ES s) (3) 
Po yg (Ln Ip) Mg [L —* (P — Po)] + GoPo/ P} E 
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Vis (1), (2) (3), mpeneOperad Maspimu unenamu Cc x?, a2 vu B2, TIpH TENE 
mepatype § nomyyaem 
1 
Pp, 0 “Tx (p— Py) 
Pa 


TnyOuHy Zp, COOTBETCTBYIONLYIO JaBJeHHIO P, MOXHO ONpeeJMTb Kay 
CyYMMy TOJINMH A; OeCKOHeYHO TOHKUX CJOeB JbMa, Kab U3 KOTOPbI 
HaXOJUTCA NOL AaBseHHeM p; BbIllleMexKAllHX CJIOEB Iba H aTMOCHepbl: 


[=*GA | » 4 


n 
(4 + 4,0) + |+— os D (1 + B,6) 


i=n—1 ip 
2p = tim hi = \ hjdp = 
4 hy a \ sf 
n->co 


(f; + qi) dp = 


me OD 


=P Bl — (ES — pal bie d) ee 


gute ott eel Sa eee ( 


B xauectse 8 B (5) cuenyer OpaTb cpeHio10 TeMMepaTypy BCeH TOMMH JbMé! 
Anasloruunoe pellieHHe MpHMeHHMO kK 000M 3aMKHYTOH MHOroda3HOH CHCTeM 
€ Pa3JIMUHbIMH CXKHMAeMOCTHIO HM TeMMepaTYPHbIM pacliMpeHuem (has. | 
Ha puc. | noKa3aHo BEIYHCJIeHHOe 0 STHM COpMy/laM U3MeHeHHe TOTHOCT 
Jibyja ¢ ray6uHow npu 9 = 0° un py = | aTM. WIA HavasbHbIX MVIOTHOCTeH Pg =} 
=0,9167r-cm~? (T.e. Qua aNCTorO sbpeE} 

& JIMMeHHOTO BO3Lyxa) H py>=0,8150r-cm | 

Q800 0840 0880 Q8202cH" (A Mblla, OVeHb OoraToro BOS]YINHbIM 
0 10 BKJIOUCHHAMH). B BepXHHX COAX Jel 
20 HuKa NO Mepe NOrpy2xkeHHA TMpoHcxogH 
W ObICTpoe YMWIOTHEHHE JIba 3a CueT CKATH, 
cojep2Kalleroca B HEM BO3/lyXa, Tora Ka. 
Ha OoJIbIUHX TyIyOMHAaX WJIOTHOCTb HaHOc 
Jiee OoraToro BO3yXOM JIbjla MOuTH H 
OTMMYaeTCA OT NJIOTHOCTH YMCTOrO Jbfa 
M COOTBETCTBEHHO CKOPOCTb yMJIOTHEHH! 
C PIyOHHOHM HHYTOXKHO Maa. 
120 B jlelicTBHTeIbHOCTH, OAHaKO, Mporlec 
yMJIOTHEHHA Iba TOUHO COOTBeTCTBye 
ONMCaHHOMY TOJIbKO B OJ HOda3 HOH CHCTeME 
0 T. &. B MOHOKpucTadiie 6e3 pumeceit. Ha 


i 


400 
800 
N 


1200 


22905 $ jay IIPOTHB, B MNOJIMKPHCTaJIMYeCKOM JIbLy 
BKJIIOYCHHAMH BO3yXa STOT Mpolecc H 

39H & Js ABJIACTCA UMCTO YIPYFHM UH MOJHOCTHIO OC 
447i $ T4M PaTHMBIM, TaK Kak OH OCYIIeCTBJIAeTCA Ya 
ee 7501 CTHUHO MYTeCM Pa3BHBaloulerocA BO Bpeé 
ys Gap MeHH IWlaCTHYHO-BA3KOrO TeYeHHA HU WI 


NOJHOTO 3aBeplIeHHA TeopeTHuecKH TPE 
neh Lsvoncdnont conve eee OyeT OeckoHeuHoro Bpemeuu. Ilostomy 
rayOuHoit pu papenctse mexgy yan- “I€MHMKe, Te BeMMUNHa Harpy3Kn Hempe 
JICHHEM BKJIOYCHHOrO BO3SAyxXa MH JaBse- PbIBHO MCHACTCH, MJIOTHOCTb JIbja He BON 

HHeM BbIMeNeKAauLHX CNOeBS |" He COOTBETCTBYeT HCIIbITbIBaeEMOMY UM 
JaHHbIM MOMeCHT BHeIIHeMy aBJleHHK 
HanOoubulee orcraBaHue yIWIOTHEHHA OT pocta Harpy3KM HaGmIOMaeTCA B Bep» 
HUX COAX, Pe MIA NOCTHKEHUA PaBHOBeCHA C BHELIHHM JaBJIeHHeM CKOpOCT 
MJ1ACTHYHO-BASKOPO TEUCHUA NOJIKHA ObITb MAKCHMaJIbHO. Ha Oombummx rayOr 
HaX, Ile pH TOM Ke CKOPOCTH H3MeHCHHA aBeHUA MMOTHOCTh MeHAeTCH OUeH 
MaJIO H IIPCHMYILCCTBEHHO IlyTeM YMpyroro cKAaTHA Mbjla, OTCTaBaHHe yIOTH 
HHA OT pocTa Harpy3KW NpakTHYeCKH HeOULYTHMO. 


168 


Bo apgzy, cogepxailtem Boszyx, OTCTaBAHHe YIVIOTHEHHA WK pac peHua OT 
CHeHHA Harpy3KH CBA38AHO C BOSHHKHOBeCHHEM Pa3JIM4HA MeXY BHEeLIHHM 


MM AaBJeHHe BbILNeeK all X COCB MOXKET MpeBbiluaTb 6—8 Gap. [ls pocrn- 
PHU PaBHOBeCHA C BHELIHHM JaBJIeHHeM y?Ke CaMbIH BePXHHH COM MeHHKa 
Pi2KeH COCTOATb H3 JIblla 
| IWIOTHOCTbIO. He MeHee f “3 
815—0,820 r-cm~, rorga yi 500 600 9700 Q800 9300 e-cm 
K BMeECTO 9TOFO B OOacTH 
TaHHA BBepxy OObIMHO 34- 
raeT CHer C MJIOTHOCTbIO 
1—0,5 r-cm~*. T]pu spi- 
juBanun Ha MOBepXHOCTb 
tyOHMHHOrO Jibjfla, Halpo- 
HB, B HEM MOXKeT coxpa- 
HTbCA MOBbIWeHHOe jaBJie- 
H€ BKJIIOUCHHOTO BO3Ayxa, 
-XOJIOQHBIX palionax jo 10 
J—14 6ap. B pesyabrate 
it rae meri rucrepe- 
(ca (puc. 2). 200 
_ TakuMo6pa30m, Ha6olb- =” 
kes TyOHHaX, a TaKKE B_ pyc, 2, Hsmenenue maoruocru c rmy6unol, 1 —aen c 
=PXHAX CJIOAX TIPH OYeHb p,=0,815 r-cm-3 nph O9=O0°, po=1 aTM. uw RaBNeHHH 
Aso CKOPOCTH Hakomuie- BK JIOYEHHOLO BO3]YXa, PaBHOM JaBJICHHIO BbIMeJIeKallux 
A WIM cTauBaHua Jpla cmoeB (MpeesbHOe paBHOBeCHoe cocTosHHe); 2 — cuHer, 
Q@upH HW eX B OONACTH NHTaHHA NMOMApPHOrO WeqHMKAa 
ACIIPCHeeHHe MOTHOCTH B (qpy ynuotHenuu); 3— neq c pp = 0,815 r-cm-3 mpu 
AHHKe WpakTHyYeCKH CO- 0=0°, p,»=1 aT B OONacTH aONAUMH eqHHKa (npH 
‘BETCTByeT  lipeJeJIbHOMY pacuimpennn) 
CTOAHHIO paBHOBeCHA C 
HelIHHM JlaBJIeHHeM, ONMecbIBaeMOMy ypaBHeHHamu (4) (5), Tora Kak pH 
paee ObICTPOM HaKOMIeHHH HIM aOJIAWHH Jiblla B BEPXHHX CJIOAX JIEMHHKOB Ha- 
jnonaerca CYUeCTBeHHOe OTCTABaHHe YIVIOTHCHHA HJIM paClHpeHHA JIbla OT 
pera WJIM YMeHbINeHHA BHellHero JaBseHua. B nocieqHAXx ClydaAx pacipeye- 
PHHe IJIOTHOCTH Ip COBPeMeHHOH H3YYeHHOCTH 3TUX IMIpOWecCOB MOXKHO 
HpeWeuTb TOJbKO IMMMpHyeCKH. 
Bugz dynxuun p = f(z) MoxeT ObITh pa3z/IMUHbIM. OHaKO OMBITbI No HCKYyC- 
BeHHOMY YIWIOTHeHHIO CHera, CPUPHAa H JbJla MOKa3bIBalOT, YTO Mex Ay OTHO- 
HTCJIbHbIM CxKATHeEM HJIM YIJIOTHeEHHeM H BeJIMYHHOK Harpy3Ku CyllecTByeT 
relleHHad 3aBHCcHMocTb. B CBA3H C 3THM eCJIM IYTeM OCpeHEHHA COBCeEM HCKJII0- 
MTb Cly4alinple KOeOaHHA, OOYCIOBICHHbIe pasJIM4YHeM HavaJIbHOH MVJIOTHO- 
TH COB, OTMAaraBLUHXCA B Pa3sHbIX YCOBHAX, TO KPHBaA pacmpeyeeHuA MWVOT- 
OCTH 9 B JleHHKe MO rlyOuHe Z, KaK NpaBuslo, MpescraBsaeT COOOM 4aCTb 


o 


apaOovibl 1-H cTeneHH: 


————E 


50 


Zi 


100 


z=ko" +c. (6) 


Tlapamerppt k, n uC 3aBHCAT OT HadaJIbHOH MIOTHOCTH, CTPyKTYPbI, Temme- 
aTypbl, CKOPOCTH HapacTaHua Harpy3KH M OCOOeHHOCTeH MeXaHU3Ma YIWIOTHE- 
HA, BCJICICTBHe YerO OHH OKAa3bIBAIOTCA Pa3JIMUHbIMH B PaWOHAaX C Pa3sHbIM Pe- 
HMOM JleHHKOB. B BepTHKasIbHOM paspe3e JleHHKa 9TH MapaMeTpbl OOBIMHO 
AKIKe MCHAIOTCA, H KPHBad MWIOTHOCTH pa3feAeTCA Coulee HIM MeHee pesKHMH 
eperuOaMH MHHUMYM Ha 3 YacTH, COOTBETCTBYIOUIMe COCTOAHHAM CHera, (up- 
au bla. Ha KaxkJOM H3 3THX YUACTKOB yIMWIOTHeHHe HfleT MefWIeHHee, YeM Ha 
pelumecTBy1olujeM cBepxy. CHer ymioTHAeTca Obicrpee (UpHa BCJesCTBUe pas- 
YINCHUA PaSPbIXJICHHBIX CYOJIMMALLMOHHBIMH MpoleccaMH CJIOeB, a Je] Me/WIeH- 
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| 
Hee @UpHa BCeNCTBHe 3aMbIKaHMA Mop, H3-3a Yeo BOSLyX OovIbille He Mone 
CBOOOMHO BHITeCHATDCA IIpH OceaHUM U, YMPyro C2%KMMasCb B 3aMKHYTBIX T}) 
3bIPbKaX, HAYMHaeT OKA3bIBATb COMPOTHBJICHHE YIWIOTHEHHIO. 


if 
Hauunaa c HeKoTopol riyOuHbI BO Jbjy, HaliqeHHad SMIMpHueCcKM cTeneF 
Hast (PYHKIMOHaIbHad 3aBHCHMOCTb MexKJly MVIOTHOCTbIO U rulyOHHOH aeT p} 
3yIbTaT, OIM3KU K MpesebHO TeopeTHYeCKOM KPHBOM PaBHOBeCHA Mek) 
BHYTPCHHUM HM BHELWHUM WaBJIeHHeM, KOTOPY!O TaK?2Ke MOXKHO AallMPOKCHMH PoBa | 
ypaBHeHHem TNA (6). 
3Had IIpHBeeHHbIe BbIIMe 3aBHCHMOCTH, JierKO ONpefeHTb BCe XapaKkT} 
PHCTHKU Tpomecca YIOTHEHHA WIM pacliMpeHuA JleqHHKOBOTO JIbjla, cHell: 
wu (dbupHa. Tak, qaBulieHve pz Ha TviyOuHe 2 paBHO | 
\ 


z 


pe = Po +\ pag dz = Po i 


0 


(z—c)(@ti/n 4. o(ntay/a 


n+ pi/n & ( 
n 


sh ene 
n-+ 1 pl/n 
WHTepecHble NoKasaTesH Mpolecca yIOTHeHMA CHera HM (PUpHa: —C COOTBeY 
CTByeT TOJIMMHe, a —pe—BeCcy CHeExXHOH HJM GHPHOBOH TOJHIN, KOTOpa 
youKHa Oblia Obl 3aeraTb Hay, CyleCTBY!OUeH MOBepXHOCTbIO, 4TOOBI Mp/ 
JaHHOM XOJ€ MpOleccCOB MpOHSOMIO YIVIOTHEHHe OT; HyJIA No HaOsro aK) 
melHca Ha NOBeEpXHOCTH HavaJIbHOH MJIOTHOCTH. 

TpaqueuTt ynoTHenua sbya c rayOunon’(dp/dz), Ha rmyOuHe z paBeH 


Tlapametp c v BeJIMUHHa Po = ci+1)/n TpecTaBIAIOT Cobo BeCbMe 


/dp (z 4 c) ayn ; 
as i, ri npn ’ (& 
ylvloTHeHHe HIM cxKaTHe 6, Ha rutyOMHe Z OTHOCHTeENbHO NOBeEpXHOCTHOFO 
P2— P Cure 
ee a CLE Cc 
tt 5 I si Z—C (f 


H TpayveHT 3aMeIeCHHA OTHOCHTeJbHOrO cxKAaTHA C ryOuHO (dd/dz), Ha ray, 
OuHe Z | 


ie s cun : 
oe spits n(z—c)@Fiin * (1¢ 

Ec, Kpome Toro, uspecTHa cKopoctb A =dm/dt Hakonmenua (+) WWI. 
aOuAlluu (—) Maccbl m Ha NOBepXHOCTH seqHUKAa, TO, Ipeqnonaras A = cons 
M fo = const (cTalMoHapHbii pexkuM), MOXKHO OMpeyeHTb TakxKe pA Apy 
THX XapaKTePHCTHK, Kak TO: Bo3pacT bya 


eee | 
t, =P (11 
CKOPOCTB NOTPYy2XeHHA Jibla 
rey) a eae 
UM Ga (i 
CKOPOCTb YIJIOTHEHHA JIibja 
(2 ae ee 
dt /z n(z—c)’ (Te 
CKOPOCTb OTHOCHTCJIBHOrO CKAaTHA Jibjla 
ay at pi/n cl/n 
\at oon nh (z—¢)(rt2)/n ? (1 
TpayveHT W3MCHeEHHA CKOPOCTH NOrpyXeHHA Jbya c ryOuHoli 
a Rin 
= |\\) ya eee ee 
dz ‘ n(z—e)PtD/n * (1 
Iloctynuso 
17 I 1959 


770 


Jloxxagp AKkafemunu nayrk CCCP 
1959. Tom 126, Ni 4 


TEXHHYECKAA PH3HKA 


E. M. CABHLLAKHH, B. B. BAPOH u K. H. HBAHOBA 


AMATPAMMA PEKPHCTAJIJIN3ALMH HHYOBUS 


(IT pedcmaeneno axademuxom IT. A. Peo6uxdepom 25 II 1959) 


Huo6uli aBserca TYrONaBKUM MeTaJVJIOM, OO6JlaqalouluM pxAyOM xopomiMx 

XAHHYeCKUX WM (H3HKO-XHMHYeCKHX CBOMCTB. Bbicokad MpOuHOCTh, MWiacTHy- 
CTb, XOpPOllaat KHCJIOTOCTOHKOCTb, CoueTaIOMaicA Cc OobIUOH TemompoBos- 
CTbIO, JlelaloT efO Ba2KHbIM KOHCTPYKIMOHHBIM MaTepHasiom. Kpome Toro, 
OOHH ABJIAe€TCA B HACTOAMee BPeEMA OLHUM 43 HavOosee MepcneKTHBHBIX MaTe- 
4aJlOB B ATOMHOH TexHuke (17%). 

IIpuMenenve STOro MeTaJa B BUe H3IeluH u3 JMCTOB, POMbIu, MpyTKos, 
vy6, MpOBOJOKH TpeOyeT 3HAHHA PexXMMOB MeXaHHyecKOH MU TepMuyecKOH O6- 
HOOTKH, OOecneyMBaICLeH HYKHbIe CBOHCTBA, MOSTOMY MOcTpoeHuve MarpaMMbl 
SKPHCTaJVJIM3aWMH HHOOHA, KOTOPaA NO3BOsAeT NOMOHPaTb ONTHMAJbHbIe YCJIO- 
As JewopMallwu MW OTKUTAa, MpelcTaBaeT CobWO UHTepec. 

B wutTepaType HMeIOTCA HeEKOTOpble aHHbIe O TeMMepaType peKpHcTasIu3a- 
iu HHOONA (*,°), HO OHH HEMHOTOUMCJEHHbI M OTHOCATCA B OCHOBHOM K MaTepna- 
WV, U3POTOBJICHHOMY TIOPOLIKOBbIM MeTOJOM, B TO BpeMA Kak ceityac AIA Moy- 
PHHA KOMMAKTHOrO HHOOMA HanOowlee WIMpOKO MIpHMeHHeTCA MeTOA AyroBou 
NaBKH. . 

Panee Hamu ObWia ompeyeneHa TeMMepaTypa peKpHCTaIM3alun HHMOONA, 
TuuTOrO MyroBoh WwiaBKOH B aTMoCcdepe aproHa, a TakKe H3y4eHO BJIMAHHE 
A TeMilepaTypy Havasla peKpucTau3alwHu HHOONA 11 nerupyromlMx 9dIeMeH- 
bs: W, Ta, Zr, Mo, Ti, V, Cr, B, Si, Za “1 Muwmerasua (°). 

_B uacrosiijee BpemaA aBTOpaMuM MocTpoeHa AMarpaMMa PeKPpHCTaJIIM3allH¥ 
moOus I poga. Baw ucnoub30BaH MeTaJIOKepaMuyeckHit HHOOHH UnCcTOTOH 99%, 
TOP Obi NepeniaB/eH B LyrOBOl New C pacXOJYeMbIM 3/1EKTPOOM B Bakyy- 
fe (10-° — 10-4 wm pr. cr.). Tasoppiii aHamH3 nNoKa3aul, YTO B JIMTOM HMOOMH 
plepxasocb 0,11% O; 0,0027% H u 0,06% C. Huo6uli noce yroBok mWiaBKu 
Daan rpyObiM HeEOAHOpOAHHIM 3epHoM (puc. la). C Merb yHHUTOKeHHA 
I[DYUHOM CTPyKTYpbI CIMTOK AMameTpom B 29 MM H AsMHOM B 120 mM Jedop- 
MpOBaJICA METOJOM XOJOMHOH MpoKaTKU c OOuWHM OOxaTHeM ~90% Mu NlOTBep- 
huica orxKury mpu 1200° B Teuenne | uaca. B pesymprate, ObwIM MowyyeHbl 
PYTKH C PEKPHCTAJIM3OBaHHOH, MeJIKOZePHUCTOH, NOMMSpHyecKOW CTPyKTy- 
oH c MaMerpom 3epHa ~30 ps (puc. 16), KOTOpPbIe HCMOJb3OBaIHCb B KavecTBe 
XOJHOTO MaTepHalla. 

 VWceneqopaHua mpounocTH u mWiacTHuHOCcTH HHOOMA B ePOpMHpoBaHHOM 
| PeKPHCTaJIM30BaHHOM (HCXOJHOM) COCTOAHHAX Np pacTAxKeHHM MoKasaulu, 
O MwlacTHuecKHe CBOHCTBa HHOOHA 3HAaYHTeIbHO BOSpacTaloT Toce OT*KUrAa 
P00°. Crolicrsa HuOOua, MpoKaTaHHOrO BxONOMHyIO Cc OOxaTHem ~90%: 
» = 68%, d = 30%, 5 = 8%; Nocme ormura 1200°: op, = 38%, d = 81%, 
| =e 

_ TIpu nocrpoenuu AMarpaMMbl peKpHCTasIM3alNH ONpeleANACh 3ABUCHMOCTb 
MUMHbI 3epHa OT ecbopMalluu M TeMMepatypb! oTmwKura. Jia sTOrO MeJIKO3sep- 
UCTHIe (MCXOMHHIC) IPYTKM MOABepramuch Xo/OAHOH MesopMalluu MeTOOM TIpo- 
lark co creneHamu o6xKaTHSa: 2,5; 5; 7,5; 10; 20; 40; 60; 80 u 96%, nocae 4ero 
PYTKH paspesamucb Ha OOpasiibl WMHOH 6-8 MM H OTAUTAaIMCh B BakyyMe 
6* 774 


p 


mpu Temnepatypax: 1000; 1100; 1200; 1300; 1450; 1650 u 2000° B Teyenne | ae 
Temmepatypa, HayHHasd c 1450°, samepauiacb C MOMOLLbIO BEICOKOTEMMEDATY PHO 
BoulbppaM-BosIbppaMpenuveBoli TepMomapbl. BewwunHa 3epHa OMNpefesAsMac) 
MeTOJOM C€KYLLHX MOJ, MAKPOCKOIIOM MocpesCTBOM OObEKT-MUKPoOMeTpa B IkeHTP 
morepeuHoro CeyeHHA OOpasila, COOTBETCTBYIOULErO MaKCHMaJIbHOU Hecbopmalluk 
JIA BIABJICHUA MUKPOCTPYKTYPHI IIpHMeHAJICA TpaBUTeIb — CMeCb PTOPHCTO!| 
wu a30THOl KucsoT. MccieqoBaHve MHMKpocTpykTypbl MpokaTaHHOro HHOOH } 
noKagaso, ¥TO Leopmanusa jo 10% He BHOCHT OCOOeCHHBIX H3MeHeHHM B MUKPC 
cTpyktypy; mpH 20% nesopmallun NoABAAeTCA 3aMeTHaA OPHeHTallnA ser 
6Obume creneHH OOxaTuA (60; 80; 96%) npHBOAMIH K OOpasoBaHulo TeKCTY ply 
mpokaTKu (puc. 1lé) c quamerpoM 3epHa mp 96% AehopmMauuu D. fs 
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Puc. 2. J[varpammMa pekpuctTanmu3aunuu HHOOuaA I pona 


OnpefeeHHe TemMMepaTypbl Hautala peKpHCTaH3alHH MpousBoLHJOC) 
PeCHTTeEHOBCKHM MeTOJOM, JWIA Vero ObWIH MPOH3SBEeHbI JONOJHUTEIbHbIe OTKUTI 
C HHTepBavIoM 25°, HauHHad c TeMnepaTypbi 950°. PentrenopcKasd CbeMKa Bewlac: 
Ha Mo-v3uryyenun c 9kcnosniwer 1,5 uaca. TemMnepatypa Ha4asia peKpucTaiM 
3allUu Olpeleiaach NO H3MeHeHHIO AMdpakWMOHHOK KapTHHbl PeCHTTeHOBCKU: 
JlyyeH TIpH cbemke co Wwinda B OTOXKKEHHOM COCTOAHHU (NOABJIEHHe HECKOJIb 
KHX TOUCK Ha eOaeBCKUX KOJIbIUaXx). 

Ha ocHOBaHHM MpOBeeHHbIX HCClelOBaHHH yCTaHOBJIeHO, UTO TeMMepaTyp. 
Havala PeKPHCTaIMsallHM HHOOMA MOHM*KaeTCA C yBeHYeHHEM JedopMallul 
c 1200 no 1025° (nyHKTupHas JWMHua Ha puc. 2). 

Ipu qeopmanun 7,5% ona octuraer 1200°; npu 20% —1125°; npu 40% 
noHwxKaetca Jo 1080°; npn yBenuueHun epopmaunu fo 60% tTemnepatypa 
HavaJla peKpHCTasIM3aluu coctaBner 1025° u He H3MeHAeTCA pH abHel 
WWeM BO3pacTaHHH JedopmMalnu Jo 96%. 

Ha puc. 3 ipHBefenbl peHTreHorpaMMb! HHOOUA B etdbopMHpOBaHHOM CocTOS 
HUM (IIpoKaTKa C OO>KaTHeM 60%) Hu Moce oTrxKura IpH 1025°, COOTBETCTBY10Ler 
mpolleccy Havasla pekpucTasusalun *. 

Hismepenve TBepocTH mpou3sBoyusocb mpu HarpysKe 100 xT BHepeHHe 
moOequToBoro KoHyca. Hy2KHO OTMeTHTb, YTO M3MeHeHHe TBepJOCTH HHOOH 


* Temmepatypa Havala peKpucTalimsayun HHOOUA, comepxamero: 0,29% O, 0,009% | 
u 0,05% N, coctapser 1125° (6) npu Toit xe cTeneHH RedopMalun. 
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Puc. 1. Muxpoctpyxtypb! HHo6uA (120 x). a — auto; 6 — ucxogHbIit (IpoKaTKa c OO>KaTHeM) 

90% (orxur 1200°); 6 — nehopmMupoBaHHblit na 80% (mpoKarKa); 2 — JecbopmupoBaHHblli Ha 

80% mM oTOKxKeHHHI MpH 1100°; 0 — nehopmuposaHHEi na 80% u oTomwKxKeHHBI mpH 1300°; 
e — JepopmupopanHbit Ha 80% uw oToxKKeHHEI MpH 2000° 


Puc, 3. PentrenorpaMMbl HHOOHS NMocse 

XOMONHO ResopMalHH HW OTKUTa. a — 

neopMupoBaHHblii Ha 60% ; 6 — Recbop- 

MHPOBaHHbIi Ha 60% HM OTOK2KeHHbII 
mpu 1025° 


“5 


Tpouecce AecsopMauMu HesHayuTedbHO (npu 80% echopManun TBeplocTb HHO- 
a yBemMuuBaetca c 135 yo 165 KI/mm?). 

| TBepocrb HOON B 3aBMCHMOCTH OT CTeNeHH AecopMallHH UMeerT CeLyIOWIMe 
HaveHHsA: 


TlebopmMauunA pce 
KaTKoli, % “20 5 Tes) 40 20 40 60 80 


H,, KT /MM? 135 146 148 150 150 154 160 165 


OSTOMY MocNeAyiollMe PeKPHCTAMIH3aWHOHHbIe OTKUTH MpPHBOLMI JMUIb 
{| HeOOJIbIIOMy CHH2KeHHIO TBepOCTH, B pesysbTaTe KOTOPOrO NepernObl Ha 
‘PHBbIX 3aBHCHMOCTH TBeEPAOCTH OT TeMMepaTypbl OTKUTAa, CPUKCHPyrollue mpo- 
HeKaHHe Ipollecca peKPHCTaJJIM3alHH B MeTaJJe, ObWIH BbIParKeHbI C1a6o. 

Ha OCHOBaHHM MIpOBeeCHHHIX HCCeqOBaHH MocTpoeHa AHarpamMMa pekpu- 
yTausauun I poga (puc. 2), 43 KoTOpoH cuekyerT, YTO Mpollecc peKpucTauN3a- 
kun IIpH OTKure XOMOAHONPOKaTaHHorO HHOOHA HacTynaer npu 1100° u TomDKO 
pH Ooubmux AeopMauHAx, HaynHad c 40% (puc. lz). Tlocaexyroulee moppittie- 
we TeMlepaTypbl OTKUa, OOYCOBINBAA MpoTeKaHHe PeKpUCTaMM3aluu MpH 
sceX CTeMeHAX JeopMallHH, He BbI3bIBAeT 3aMeTHOFO pocTa 3epHa BIMVIOTb JO 
(300°; ero cpeqHuli Hamerp cocraBaner ~36--20 » (puc. 10), 3a ucKmI0UeHHeM 
MaJIbIX CTeneHeH JecdbopmMalun. 

IIpu ormure 1300° Ha6ntogaerca NOABIeHHe MaKCHMyMa BeJIMUMHbI 3epHa 
> JMaMeTpoM 251 1, cooTBeTcTBYyIOWlero «KpHTHYeCKOl» creneHH ecsbopmMalun, 
“OCTaBJIAIOWeH B aHHOM calyyae 7,5%. IIpu ormKure 1450° BennunHa 3epHa 
3aMeTHO BospactaerT Jo 60 1, npH yBemHueHHH JedopmalHn Ao 80-96% ona CHH- 
aeTcA o 30 1; MaKCHMyM C/IBHraeTCA K MeHbIIHM CTeneHAM JecbopMallHH HU CO- 
OTBeTCTBYeT 5% c pa3sMepoM 3epHa 347 p. 

C OKOHYaHHeM PeKPHCTaIIH3auuH OOpasoTKH HW 3aMeHOH ee COOUpaTesbHOM 
e€KPHCTaIM3alMeH HaOlOaeTCA OYeHb pe3KOe H3MeHEHHE BeJIMYHHbI 3epHa 
mpu oTxHrax 1650 u 2000°. IIpu noppmiennu TemnepaTypbl OTKHTa JO ITHX 3Ha- 
HeHUli MaKCHMYM BeJIMUMHbI 3epHa MO-MperxkHemy cooTBetcTByet 5% edopMa- 
WH, OJHaKO pa3Mep 3epHa IPH STOM CHJIbHO BO3PacTaeT, COOTBETCTBCHHO JO 
10 u 660 p. 

Cpequuit WuaMmerp 3epHa c MOBbIeHHemM fedbopmManuu (Gombuie 7,5%) npH 
1650° yBenuunBaetca Jo 220 ». SHauNTeIbHO MeHbIle pacTeT 3epHO Np OYeHb 
OJuIbIIMX CTeneHAX DZeopmaunu (80-96 %), cocraBaa WuameTp 130-100 p. IIpu 
000° cpeqHu AMaMeTp 3epHa, MCKIO4UaA MaJible cTremeHH JedopMallHi, JOcTH- 
raeT 340-380 » (puc. le). 

Ha ocHOBaHHH NpoBeeHHbIX UCCJIELOBaHHM MOXKHO 3aKJIIOUMTh, ITO ONTHMAJIb- 
HbIM Pe@XXHMOM TEPMOMeXaHHYeCKON OOPaOOTKH HHOOHA ABJIAETCA OTK BMHTEP- 
Basle Temnepatyp 1100--1450° np scex creneHax fedopmMaunu Bpmue 10%. 
IIpu sToM crpykKTypa MeTaJlla COXpaHAeTCA MeJIKO3epHHCTOH H PpaBHOMepHOH. 


4 


VMuctutyt Metaiiypruu Tlocrynuuio 
um. A. A. Balikosa 14 II 1959 
Axkajemuu HayK CCCP 


WMTHPOBAHHAA JIMTEPATYPA 


iA Bem Mica: tors Nveclee inci Metals. Siu(4)seoO re (L951) meecn Care iee lOntatal yer 
Inst. Metals, 85 (4), 375 (1957). § G.L. Miller, Material and Methods, 45 (5), 131 (1957). 
Si-W. Pugh, J. Metals, 10 (5), 335 (1958). * Ch. T. Sims, J. Metals, 
10 (5), 340 (1958). *E.M. Capunxuih, B.B. Bapou, K. H. Ue anosa, 
Vinx.-cbus. »aypH., 1, Nell (1958). 7 A.P. Paysuu,A.P. KenesuaxkosBa, 
Meransiopey. H oOpa6oTKa metT., Ne 2 (1957). 
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Jlorzagn Akangemun nayr CCCP 
1959. Tom 126, Ne 4 


_XHMH3| 


Axayemuk A. E. APBY30B, ®. Tr. BAJIATOBA, H. C. TAPH®bAHOB 
u Bb. M. KO3bIPEB 


O MAPAMAPHHTHOM PE3SOHAHCE «,«-M@®EHWJI-3-NUKPHUI- 
PHAPA3HJIA, NOJIYYEHHOLO H3 PASJIMAUHbIX PACTBOPHTEJIEH | 


TlanHble 0 WHpHHe MH MapaMarHHTHOrO pe3soHaHca B 4,4-Audenns-B) 
NuKpHs-rugpasune (JLOTIT), mpuBosumple passiHuHbIMA aBTOpaMu, KOJeOJOT} 
CA B OWCHb WMPOKHX mpenemax (or~ 1 fo~6 ogpcr.). TaKoe pasa 
He MOKer ObITb OODACHCHO JIMIIb BIIMAHHeEM aQCOpOHPOBaHHOTO KUCOPOR) 
BOSLYXa, KaK STO OblIO MpexMomox*KeHo B padote (*)*. [na BbiacHeHHA STOTY 
Boupoca, MO mpeqmox*KeHu10 OfHOro u3 apropos (A. E. Ap6ysoBa), Hamu Obi) 
MpeMpHHATLI H3MepeHHA TMapaMarHuTHOrO pe3oHaHca B oOOpasuax JLOPIIT) 
MIOJIYYCHHBIX M3 pa3JIMUHbIX pacTBOpHTeen. 

Cnoco6 nosyyenua JLPITIL 6p ommcan B padorte (%). B ormHune oT MeTOni 
Tonpaumuyra (*), o6pasusr OME nomyyanucb 43 pacTsopos He ocaxKeHne) 
3:pupoM, a ylavleHveM PaCTBOPHTe/IA B BaKYyMe NpW TeMMepaTypax BO3MOXKHU 
HU3KHX, JIMIIb B OTICIbHBIX CyYadX JocruraBuHx 40-—50°C. B Kauectse pac) 
TBOPHTeNeH OblWIH B3ATbI: OCH3OJ, TOYO, KCHJION (CMeCb H30MePoOB), IMPHMH} 
OpomowopM, YeTHIPEXXJIOPHCTLIM yruepoy, xsopodopmM u cepoyruepog. 

V3mepeHua mpoBosusiucb Ha uacTroTax v, = 300 mrij uw ve = 9400 mri meTo: 
OM, OnMcaHHbIM B paOote (°). Ha uacTore vy; OHM OblIM ClenaHbl mpu 298 
u 90°K, a Ha uacToTe v2 mpH 295°K. Hwxe npuBesenbl 3Ha4ueHHA LWUMpHHbI IMHHE 
mapaMarHuTHoro norsouenua (AH). JaHHbie OTHOCATCA K M@KOKPUCTamIMye 
CKHM OOpa3ilaM, MOMeWICHHBIM B 3allaAHHble aMMyJIbl C IpeABapHTeIbHO BbIKa 
YaHHBIM JO CHJIbHOrO BakyyMa BO3fyxoM. Kak BUAHO, MpHposa pacTrBopuTens 
CYUeCTBeHHO CKa3bIBaeTCA Ha WIMPHHe JIMHUH. Orciofla eCTeCTBeEHHO 3aKJIIOUNTh, 
YTO MOJICKYJIbl PaCTBOPHTeMA BXOMAT B COCTAaB KPHCTaJIMYeCKOH pelmleTKH 
AOML. [nai wekoroppix cilyyaes 32TO yxKe OpllIo ycTaHoBseHo pauee (°°), 
OyHako Kak IIPH pacCMOTPeHHUM JIMTepaTYPHBIX JaHHbIX, TaK H W3 HaLlMx co6- 
CTBCHHBIX aHaJIMTHYeCKUX JaHHbIX BbITeKaeT, UTO HH B OJHOM CJly4yae HeT rapaH- 
THM, UTO 9KCMePHMeHTaTOp HMeeT eNO C XHMMYCCKH UMCTHIMH HHAMBHaMn. 

IIpupogumple B TaO. 1 pesymbTaTbI MOKa3bIBaIOT, UTO MO BJIMAHUIO Ha WIM- 
PHHY JIMHHH MCNOMb3SOBaHHbIe HAMM PaCTBOPHTeH MOXKHO PasJeITb Ha JBe 
rpynmbl: CoeqMHeHHA UWMKIMYeCKOrTO THMa H COeMMHEHUA, He cojepxaue 
IMKJIOB. 

B o6pasuax JMU, coxepxxamx Kpucram1M3alHOHHO-cBA3aHHbIe WHKIM4e- 
CKHE MOJIeCKYJIbl PaCTBOPHTeIA, MPH OXNaKLeCHHA WU MPH NMOBbILIeHHH UACTOTHI 
HaO0aeTcaA Cy2KeHHe JIMHHM NormouleHua. B o6pa3iax xe JIOIIL c nenukaun- 
YeCKUMH MOJI€KYJIaMH, HaOOOPOT, C NOBbILIeHHEM 4aCTOTHI HW C MOHH2KCHHeM TeM- 
nepaTypbl JIMHUA pacwiMpserca. 

Malad WMpuHa HHH yKa3bIBaeT Ha BeCbMa CHJIbHbIi OOMeH BO BCeX HC- 
CJleQOBaHHbIX Hamu OOpasitax JJMIIT. Dro nogzrBepxmaerca UM BEISHCeHHBIM 
M3 HallMX aHHbIX OTHOWICHHEM YeTBEPTOTO MOMEHTa KO BTOpomy. Tak, AA 
oOpasita | npn 295° M,/Me2 = 1,36, ama Toro xe o6pasiia mpu 90°K 1,39; 
Wa oOpa3siia 7 mpu 295°K 1,44. 


g ee BIMAHHE KUCMOpOka BOSAyXa Ha WHpHHY HHMA B JLMMIT 6ptno ormeyeno takxe 
B paoote (?). 
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|B oOpasiax nepsol rpynmpt (1—4) wwupuxa sunnii, Boobue rozopas, 
Ibe YeM BO BTOpoH (5— 8). ro, mo-BA_UMOMY, CBA3aHO C pa3mHUHeM UX 
MUCTAJVIMYCCKAX CTPYKTYP, MpHBOAAMMM K TOMY, YTO OOMeHHDIM uNTerpan 
jf OOpasiloB BTOpOH Tpynnbl OKasbiBaeTCA Ooubie, eM WIA HepBoil. 

| HeOommioe cyxkenne smHHui, HaOmozaemoe B OOpasitax neppoH rpynuel 
M NOBPIMEeHHH YaCTOTbI v, COOTBeTCTByeT TeopHH Ky6o u Tomura (1!) ana 
HcTO W30TPONHOrO OOMeHa H UPOWCXOAUT NO IpAyMHe HUCUe3HOBeHUA B CUJIb- 
HX TMOAX H wecekysiapHoro pacwimpenuad Mnuu «acppext 10/3». Pocr AH B atux 
yppaslax NpW HarpeBanuu MOXeT ObITb NOHAT Ha OCHOBaHHH TOM xe TeOpHU 
(IK ClleXCTBHE 3aBHCUMOCTH HeCeKYAPHOrO pacuiMpeHuA OT BpemeHH KOppe- 
WLM; TOCwIeqHee MOXeT JIMIMb YKOpayHBaTbcs C POCTOM TeMMepaTypbl, 4TO 
|| HORKHO PaClIHpATb JMHHIO. 

|) OOwapyxenHoe B. OOpasilax BTOpoli rpynnbl pacwiMpenue sMHUi Cc pocToM 
NCTOTEI VY, IO-BHMMOMY, CBA3aHO C OOJIbWeH aHH30TpoMMeH g-dakTopa B 
hx, CpaBHUTeJIbHO C TepBoh rpynmow. Srot addexT panbiie Opt oTMeueH 
lj padote (1%). 

|| Pacuimpenne smn pH oxvaxKyeHuH BrlepBbie Oplio Haliqeno nua JOM 
murepom (1°) u TpHiMcano ocsaOeHHIO BHYTPHMOJIeKYJIAPHOTO JBMKeHUA; 
(AIM OMBbITHI MWOKAa3bIBalOT, UTO OHO HMe€CT MeCTO JIMIIb TIA pa3HOBHAHOCTeLi 
HropoH rpyunpl. B wax HasMune OovIee CHIbHOM aHM30TpomMu g-daKkTopa Jle- 
eT, I10-BHXHMOMY, BKJIa HeCeKYyJIApHOrO paciMpeHua B AH meuee cyule- 
)TBeHHBIM, BCJIEQCTBHe Yero BJMAHMe TemlepaTyppl Ha AH B OCHOBHOM  3a- 
MCHT OT [pyro MpM4HHbI, He CBA3aHHOM C OOMeHOM, CKOpee BCero, HMeHHO 
oH, KOTOpad Oblia yKa3aHa SuHrepom. 

B uTore MO%XKHO CKa3aTb, TO OOpasiibl MepBoH Tpynlbl, cosepxKauHe 
NUCTAJWIM3AILMOHHBIe MOJIEKYJIbI PaCTBOPUTesIA IWHKIMYeCKOrO XapakTepa, AB- 
IAIOTCA, HECMOTPA Ha OOJIbILyIO WMpPHHy JIMHHH, NO-BUAMMOMY, Oovlee MarHuT- 
OM3O0TPONHEIMH, YeM OOpas3iibl BTOpol rpyrinbl. Bce n3ox%KeHHbIe 3fecb co00- 


feHHe IIPHpOMb! HaOwOAeHHEIX 3aBucuMocTeHt AH (v, T) TpeOyeT uccleqoBaHHa 
apaMarHUTHOrO pe30HaHca B MOHOKpHcTaJwiax Bcex pa3HoBuyuocteh JOIIT 
NOJYYeHHA JeTAJIbHbIX CBeeHHH O CTPOeEHHH MX KPHCTaJVIMYeCKHX pellleToK. 


TaOnauna 1 


{WupuHa JMHHM MapaMarHUTHOrO MOrsoueHHa (AH);),B pasvinu- 
HBIX OOpasnax JIPIIT (B spcrenaxy 


NoNe IIpu v4; Tipu y; TIpu vo; 
on. PacTBOpuTesIb T =295° K T =90°K T =295° K 
il Bex30u1 6,8 4,6 eof 
i Toayou DS) DS 6) 
3 Kenton (cmecb) 25.9 2 De 
4 Ilupuaun Dao ORO dyA0) 
5) Bpomodopm 2,2 2,0 2,0 
6 Uerbipexx JIOpHCTHIM 

yrsepor, hss, ier 253 
7 X mopodopm HLA Dei 2,0 
8 Cepoyraepoa 1,3 1,3 1,5 


O6e rpynnp pasHopugzHocreh JIPIIL o6napyxuBalor pw mpHOMsuTebHO 
JMHAKOBOH CTeMeHH JMCMepCcHOCTH pa3lMuHe B AeHCTBHM KHMCOpONa BOsLyxa 
Ha wupHHy smuHuN. B oOpasiax 1—4 kucnopok npu KOMHAaTHOM TemnepaType 
mpakTuyecku He Buaet Ha AH, y oOpa3iuoB xe S—8 MopblllleHve WaBJIeHUA BOS- 
nyxa or 5-10 570 1500 mm pt.cT. Mp KOMHATHOH Temlepatype MpuBOAMT 
K MOHOTOHHOMY paclluMpeHulo JIMHHH. OcobeHHO BeruKO OHO AIA LOLI, nonyuen- 
HOrO M3 Cepoyrepofa, KOTOPbIli B OTCYTCTBHe KUCIOpOa Maer HanOosee y3kyi0 
H3 BCeX JIMHMIO. Tak, JIA HCCeOBaHHOrO Hamu OOpa3siia 8 MpH WaBJIeHHu BO3- 
myxa B 760 mm un Temnepatype 295°K AH ysemuuupaetca Qo 4,5 9apcr. | 
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SBeHHe PpacluMpeHHA JIMHHH OT KHCOpOfa HOCHT, B OCHOBHOM, oOpaTHME|} 
XapakTep, OJHaKO HeKOTOpas YaCTb MapaMalHUTHbIX WeHTPOB, NO-BHHMOM } 
NorHOaeT B Pe3YMbTATe OKUCJIEHHA aJ|COPOMPOBaHHbIM KHCJIOPOAOM, MOCKOJbI} 
B CHJIbHO JMCHeprHpOBaHHBIX OOpasllax, HaXOJAUMXCA Ha BO3Ayxe B TeveH. 
JOCTaTOUHO JJIMTebHOFO BPeMeHH, NapaMarHHTHbIM pesoHaHCc HCyesaeT MpakT} 
yeCKH TOJIHOCTBIO. 

Onpitbl MO HaCbIIeHHIO JMHHH, MpOMsBeMeHHble Ha HH3KOM YaCTOTe vy, TI) 
Ka3bIBalOT, YTO B pesyIbTAaTe aCOpOUMH KUCOpOa HMeeT MECTO HE TOJbKO pal 
IUHMPeHHe JIMHHH, HO M YKOpOYeHHe BPeMeHH CIMH-pellleTOUHOH pelakcalun 7 

HakonHell, HaMH OblIM MOCTAaBJICHbI HHTEPeCHble OMbITb! MO 3aMelleHHIO O]HO)} 
pacrBopuTea B Kpuctammax JPM apyrum. Tak, Obwio HalieHo, YTO KpucTa,| 
JIbl, MOJLYYCHHBIe U3 PacTBOpa B XJOPOPopMe Mocse NepeKpUCTaWIN3aHH U3 Oel) 


i 
30Jla, aJIM WHpOKHe JIMHUN MapaMarHUTHOTO Pe30HaHCa, BHOJIHE CXOJHbIe C Hi) 


60,aeMbIMH B OeH30IbHOM OOpaszue 1; oTclOa BbITeKaeT, YTO OsLaBJI AIOE) 
uacTb xJlopocopMa OblJla BbITecHeHa OeH30I0M. HaoOopor, KpHCcTaJJIbI, NOyuel} 
Hple 13 OeH30Na IPM MepeKpucTasmusallun U3 XMOpo(opMa, MOJIHOCTbIO COXp, 
HUH JMHUIO OCH30JIbHOTO OOpasiia. Takum O6pasom, cposcTBo 6eH30Na K JLPIUy 
110-BH]{MMOMY, CHJIbHee, ¥eM Y XJOpodopMa. q 

O6pa3ell, NOyUeHHBI M3 Cepoyrlepofa HM NepeKpHCTaJIIH30BaHHbIM U3 Cel) 
30a, JaeT JIMHHIO, COOTBETCTBYIONLY!IO GeH30y, a OOpasell, NMOYYeHHbIN wy 
6eH30/1a IPH NepeKpHCTaMH3alHu U3 Cepoyruepofa, aeT JIMHHIO, OTBEUAIOLLyIl 
cepoyrsepoqHomy oOpa3suy. Tlostomy cpogcrBo 3THX AByX pacTBopuTees 
K JJOMT jomxKuo Obirb OMHOTO NOPAAKa UH pe3syJbTAaT OMbITa 3aBUCHT, OYeEBUANG 
OT H30bITKa TOTO WIM Apyroro pacTBOpHTes. | 

B 3aku10ueHHve MbI CYMTAe€M HeEOOXOJMMbIM OTMETHTb, YTO HCMOIb30BaHHI 
JIMIIT B kayectBe cTaHapta WIA onpesesIeHuA UNCJa NapaMarHUTHbIX WeHTpos 
B Pa3JIMYHbIX BeUIeECTBaX TpeOyer BeCbMa OO/bIIOH OCTOpOxHOcTH. Ouesn Ec 
HeOOXOMHMO YCJIOBUTbCH, YTO B KayecTBe CTaHapTa JIA OMmpeeleHua uncdy 
MapaMarHUTHbIX WeHTPOB MOxeT ObITb NpHHAT npenapaT JIMITIT, npuroropse 
HbIH H3 ONpeeIeHHOrO PpaCTBOPHTeIA, HalpHMep OeH30J1a, pH cTporo onmpe 
JeJICHHbIX YCJIOBHAX BCerO WHKJIa CUHTEe3Aa. 

IIpu npospezenuu cuntesa JIPIIT B apyrux pacrBoputenax Takxe cueqyel 
TOUHO YKa3bIBaTb BCe JeTaH OMbITa (KOJIMYeCTBO PaCTBOPUTeIA, TemnepaTyp 
H Mpou.), HHaye SKCHePHMeHTATOp OyjeT nNowyUaTb CaMble pasHooOpasHble aH 
HbIe. i 


@u3HKO-TeXHHYeCKHH MHCTHTyT Ka3aHcKoro dbusuana Iloctynuno0 


AxkaylemHu Hayk CCCP 13 V 1959 


Xumuyecku MHCTHTyT Ka3aHcKoro (bunana 
Axkaylemun Hayk CCCP 
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Aokaagn Akanemun nayr CCCP 
1959. Tom 126, Ne 4 


XHMH 
C. T. BE3BEPXOBA u axagemuk AH KasCCP Jl. B. COKOJIBCKHMA 


PUAPHPOBAHHE ®YPHJIOBOrO CHiHPTA HA CKEJIETHOM 
HUKEJIEBOM KATAJIM3ATOPE 


B cBa3v C OOuJbIMOH MpakTHYeCKOli WeHHOCTLIO (PypaHOBbIx coesuHeHUH (2): 
pollecc HX KaTaJIMTHYeCKOPO BOCCTAHOBJICHHA WHPOKO H3y4aJICA WebIM pAOM 
BTopoB. Iloka3aHo, 4TO XOX BOCCTAHOBJI€HHA HM KOHEYHbIe eFO MPOLYKTHI 3aBH- 
AT OT YCJIOBMM OMNbITa UM MpHposb KaTausatopa. IIpu oOpmuHbIx TemnepatType 
WaBJleHun THApHpoBaHve UJeT CTYNeHYAaTO HIM MpAMO JO TeTparuyzpodypaHo- 


be coeluHeHHhH; B MeCTKUX YCJIOBHUAX HMeeT MECTO Pa3PHIB (by paHoBoro KOJIbIa,.. 
MAPOTeCHOJIU3 3aKAaHUHBAeTCA 06pa3o- 
1 CIIMPTOB, (eHOJIOB WJM HacCbli- 


WaAGaiminey 4 


\CHHBIX YrIeEBOOpooB (77°). Cres 
HukejleBble KaTaJIM3aTOpbl, B YaCcT- ea Guam oe 

ta CKeJICETHbIM HHKeJIb, BOCCTaHaB- Tepa, °C a 20 | -OH 

\MBalOT JIBOMHbIe CBA3H WHkwJa (°,%), ee ee 

MeQHbIe H MaJlwaqMeBble KaTaJIM3aTOpbI B Mat H2/Mun 

jocCTaHaBJIMBAaIoT (py HKUHOHAJIbDHbIC 

pynnbt CokoBoH Wenu 6e3 rHpupoBa- 8 2,6 | 4,0 | 4,3 

HHA KOuIbila (*). * oe =. ies 
Ilembio HacTOAMleH paOoTbl ABHJIOCb 60 yo | ts Ba 6 

IMHeTHYeCKOe =H — MOTEHUMOMETPHYe- gs axrupa- 

koe (*) uccieqoBaHne rupHpoBanna HH B Kan/Momp | 3380 | 5900 | 6700 


DYPHJIOBOrO =CHupTa Ha CKeJIeTHOM 
IMKeJICBOM KaTaslu3aTOpe B  3aBHCH- 

hocTH oT Temmepatyppbi (8, 20, 40 u 60°) u pactBoputena (0,1N NaOH, 
oma, 96% C,H;OH). 

CkeJleTHDIMt HUKeJIb TOTOBHJICA CTaHapTHbIM CHOCOOOM, MpOMBIBaJICA B YCJIO- 

WAX, HCKJOUAIOWIMX COMPHKOCHOBeHHe C BO3YXOM, H Mepe ONbITOM JOHACHI- 
aJICA BOJOPOOM B YTKe, 3anoJIHeHHOH 15 Ma pacTBOpHTeA, JO MocTHxKeHHA 
OpaTuMoro BOosOposHorO MoTeHWHaa. 
| @®ypysoppli cnupT B Hallux yCIOBHAX, NpHCOeqMHAA Ba MOJIA BOROposa,. 
I“pupyerca Jo TerparuypodypusoBoro ciMpTa,; CKOPOCTb peakKI{Mu Mpomop- 
(MOHaIbHa KOJMYUeCTBY KaTaIv3aTOpa HU B MepBoH MOJOBHHeE He 3aBHCHT 
'T HaBeckuH Beulectsa. Ha puc. | u B Tadn. | MpHBesenbI pesybTAaTHI 
loccranopienna 0,15 ma dbypuHmoBoro cnupta Ha 0,31 r ckejleTHOoro HHKelA 
[PH pasIMUHbIX TeMMepaTypax. 
_ C Han6onpuieli cKopocTbi0 rHApHpoBaHHe HJeT B STHJIOBOM CHUPTe, B BOAHOL 
pee NpucoesMHeHHe BOLOpoAa OCYMLECTBIACTCA HECKOJIbKO MeMIeHHee, HAHMCHb- 
laa CKOpocTbh peakIlMH HaGsoaeTcA B uleoun. IlopbiltieHHe TeMnepaTypbI cno- 
oOcTByeT yCKOpeHHIO peaKkIMH. 

M3menenne norenivala KaTau3aTopa B xOJe pollecca, TaK 2%e KaK H CKO- 
OCTb, 3ABUCHT OT Cpefbl H OKa3bIBaeTCH HaWMeHbIIMM B Ulesloun (56—36 mB 1A 
}ASHbIX TeMHepatyp), S6dlbuIMM B Bose (80—120 MB) MU HanOoJIbUIMM B CupTe 
130—190 mp). 

BoccraHoBseHve tbypHOBOrO CHupTa HeT Ha NOBeEPXHOCTH HUKeMA, B OCHOB- 
OM 3alOJIHeEHHOM BOLOpOOM, T. K. OOlee MafeHve He MpeBbllllaer 0,2 B. SaBu- 
IMMOCTh CKOPOCTH peakWMH OT aOcOsOTHOTO NayeHHA MOTeHIMala B PasHbix 
117 


‘Cpefax NO3SBOIAeT CelaTb 3a4KJIIOUCHHE O TOM, UTO Mpollecc THApHpoBaHUA 3ec 
-KOHTPOJIMpyeTCA CKOPOCTbIO aKTMBalluu c:bypusoBoro cnupta. B camom jeune 


‘Puc. 1. Bauaune pactsoputena u temne 
Ta B MpHCyTCTBHM CKemeTHOrOo HUKeeR 
96% CsHsOH-/ — onpitst B menouHoti ¢ 


0 
-peakUHn; >} > 


— HoulycyMMa o6bemos norwoneHHoro Bofopoda ANA ABYX CM@KHEIX u3MeEu 
‘penui; U 


— NOTeHy van KaTaJIM3aTOpa OTHOCHTebHO o6patTumoro BO, 


AOPOMHOrO SueKTpoRa ft 
“aHHOM pacTBope 
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yr CHIbHee NOTeHIMal KaTaJM3aTopa CMellaeTca OT OOpaTuMoro BOZOpoyHOrO 
HaveHHA, TEM OOJIbIIe MOBeEPXHOCTb eFro OCBOOOXKMaerca OT ajicop6upoBaHHoro 
pfopola, TeM OouIbllIee KOM4eCTBO WeHTPoB OTKPbiBaeTCA WIA aKTUBAILMA 
;CHACBILLCHHOM CBA3H M TeM BbIIlIe CKOPOCTb peaKUHH. 

Ilo xoqy norenuuabHoli KpuBoli MoxKHO CYJMTb O CKOPOCTH BO38OOHOBIJIe- 
yA BONOPOAa Ha MOBEPXHOCTH CKe/eTHOTO HHKeIA BO BpeMA peakiluu. Oror 
ppollecc B Bowe M cliMpTe npn 8 u 20° npoucxogzUT 3HayUTeIbHO OpicTpee, yem 
| Ujeioun. Ho B 3STHX xe pacTBOpHTemAX KaTaJIM3aTOp OKa3biBaeTca Oowlee 


|YBCTBUTCIbHBIM K BO3eHCTBHIO Temiepatyppl. IIpu 40 u 60° norentuan ero 
ik BO3BpalllaeTcsaA K OO- 


AATHUMOMY BOJOPOsHO- Ta6 muna 2 
ly, 4TO, BO3MOKHO, 


ie Ca} e Cpena 
JOBACHACTCA AKTHBH- 
MOBAHHOH acopOmuelt eee SOA SOE ACRE en nero e CARCH 
YHKIUMOHAaIbHOrO KHc- pe haga BO? || gaa! CKO lio, en | CRO" Mme 

% U3 4 U3 % W3- 
fo powa cbypanosoro ve aie MeHeH. SOE MeCHeH. Tae MeHeH. 
yOJIbIa, KOTOpasd Mpo- 
sKaeT Jlerue TIpv mo- 
= I rugzpupoBaune 2,8 4,4 5,6 
fae ow” TeMiepa~ -“ Il ruapuponanve | 2,4 144,3°"3,6-] 48,2) 13,2 | 4288 
ype. III rugpupopanue | 2,2 | 21,4 | 3,0 | 31,8] 2,0 | 64,2 


Oueprus aKkTHBa- 
iu, pacCuUHTaHHaa M0 
MHETHUCCKHM J@HHbIM, TaK2Ke 3aBHCHT OT Cpebl HM MOTeHWMala KaTasM3aTopa 
XOpoullo cormacyeTca C paHee Mpeiox*KeHHOM CXeMOM COOTHOWeHHMA Mexkyy 
JeCHHeM NOTeHUMala, CTeMeHbIO 3aNOJIHeHHA MOBePXHOCTH BOMOPOOM MH 3HeEp- 
“eH akTuBalun (1°). 
PacTBoputeib, B KOTOPOM MIpOBOLUTCA rHApHpoBaHHe (ypHJoBoro cnuptTa, 
[IbHO BJIMAeT Ha YCTOMYMBOCTbh AKTHBHOCTH KaTasIM3aTOpa B CepHH MOCeNO- 
\T@JIbHBIX OMBbITOB Ha OHO H TOM 2%Ke HABeCKe CKEJETHOO HUKeIA. ITO OODAC- 
HeTCA BO3MeHCTBHeM CpesbI Ha aCOpOUMlo NpOAyYKTOB peaklHH, O KOTOPOH MOx- 
CYUTb Ha OCHOBAaHHH OTHOLICHHA aCOpOMMOHHbIX KOSpPPUULMeHTOB Py pUOBO- 
cnupta B, u Terparugzpodypusoporo cnupta Be; 3To COOTHOMMeHHe HaXOUTCA 

CuCTeMbI ypaBHeHuit Jlanrmiopa, COcTaBeHHOM Ha OCHOBaHMM Tada. 2 MIA 
PpBoro HM BTOPOrO OMBITOB B MOMeHT, KOrla THApHpoBaHve Mpowlwo Ha 25% 

BiCi 
Visa BiCy + BoC ’ 
Vinee oe 
1C; + BeCs 


Saecb C, ucxoOHad KOHILEHTpallusa (bypHioBoro cnupta. Cz 4 C3 — KOHUeHT- 
AIM TeTparuypodypusoBoro CNupTa B MepBOM MH BTOpOM onbirax. YKa3aHHble 


JOHILCHTPalluH BbIPaKaloTcaA B OObEMAX BOAOPOMa, HEOOXOAMMBIX JIA BOCCTAHOB- 


lenusi WaHHOrO KOJIMYeCTBa CIMpTa. 


Ornowenne B,/B, noKa3biBaeT, TO B CNHPTOBOH cpesle PypHJIOBbIM CNUpT 
McopOupyerca B TaKOl Ke CTeNeHH, KaK HM MPOMyKT eFO BOCCTaHOBJIeHHA, M0- 
NeHUM MOSTOMY CHJIbHO MOaBAeT AKTHBHOCTH KaTaHsaTopa. B BoAHOH cpese 
|B mlelouN alcopOmuA TeTparuzpoypuoBoro CNMpTa COOTBETCTBEHHO B 3 Hi 

|pa3 MeHbIIle a\copOlMH UCXOAHOLO BelleCTBa, NOSTOMY AKTHBHOCTb CKesIeTHOTO 
IMKeJIA 3lecb Gosee cTaOusIbHa. 


Tloctynusio 
ee O59 
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Jloxaayamn Akagemun nayr CCCP 
1959. Tom 126, Ne 4 | 


M. E. BOJIbMMH wu unen-Koppecnonzent AH CCCP Jl. H. KYPCAHOB 


JIEMCTBME NEPEKHCH BOJOPOAA HA COJIM TPOMHJINS. 
HOBAA PEAKUMSA CYSKEHUA CEMMYUJIEHHOLO WHKJIA 


B mutepatype omucaH pA, MpHMepoB MeperpyNNMpOBOK MpOW3BOLHHIX TPC 
OHA H TPONOJOHOB Nok AelicrBHeM KaTHOHOHJHbIX pearenTos ('). Bo Bcel 
9TUX CyYaAX OOpasyIOTCA MPOHSBOHbIe OeH3O0ua C TEM Ke YHCJOM YrviepOHbl} 
aTOMOB, UTO H B HCXOJHOM CoesMHeHHH. AHaJIOrHuHOMY TipeBpalileHuio nosBeft 
rarores WH coum Tponusmun. lox MelicrBueM OKUCMTeIeH — XPpOMOBOM KHCJIOTH! 
okucn cepeOpa (7), miaTHHOxsopucTroBosd 


sie os poqHoH KucJorTp! (*) OHH MpeBpalmarorca | 

% PROTO OeH3abAeruy. | 
eee Mbl HallJIM, YTO B3aHMOJelicTBHe come 

saab iets mi | BoB Sabbbr TPONHIMA C MepeKHCbIO BOJOpOLa NpuBa 

C,H;*+Br- 00780 100%, MMT K CY2KeHHIO CeEMHWIEHHOrO WHKJa, Mpc 
H202 0,0780 100% TeKaIOUeMY 10 HHOMY, OTJIHYHOMY OT yKa 
CoH 0,0644 82,0% 3aHHBbIX BbIllle, HallpaBJIeHHIO. | 
Hoes mei econ Ipu cmelleHHH BOAHDIX pacTBOPOB 9KBHI 
C,H;CHO (~1,6%) MOJI€KYJIAPHbIX KOJIHMYeCTB COIN TPOMMJIN | 
CsH;OH (~0,1%) MM MepeKHcw BOJOpoya MponcxoguT GpicTpal 


9k30TepMuyeckad peakiua. DnaBHpmnu rpc 

AYKTaMH STOM peaKUMH ABJIAIOTCA OeH3O1, OKHCb yrviepoJa, MypaBbHHaA KAK 
ota M OpomucTpit BOLOpos (cM. Ta6m. 1). Kpome Toro, o6pasyrorca BecbM| 
MaJIbI€ KOJIMYeCTBA OeHsabJerufa u cbeHoua. 
TakuM O6pa3om, Mpollecc NpoTeKaeT B OCHOBHOM 110 JBYM HallpaBJIeHHaM: 


+ H,0, —=> +CO+H,0O + HBr 
Br 

+H,07 —===— O} + HCOOH + HBr 
Br 


Hamu Obiia u3y4eHa KMHeTHKa MepBOi M3 STHX JBYX peak (compoBon| 
Aatouleca BbIeneHHem CO). Oxa3asocb, uTO peakiliA mpoTeKaer c GoubIIOl 
CKOPOCTHIO M NOAYHHACTCA ypaBHeHHIO BTOPOro NOpsAAKa C KOHCTAaHTOM CKOpoct 
(pu 20,05", B BojHom pacrsBope) 1,04(--0,03) +10! 1/Monb- Muu. 3HauHTeJIbHO| 
YBeJIMNeCHHE KHCJIOTHOCTH Cpefbl (ipoBeyenHe peakunu B IN pactBope cepxol 
KUCJIOTHI) JIMIb He3HaYMTebHO CHMKACT CKOPOCTh peakMU (KOHCTaHTA ckope 
cru 0,79 -10' npu 20°). Kamyuasnca sHeprua aKTuBalluy B HHTepBale TeMrepé 


me, WeM B THNMYHBIX OPraHHyecKHX peakINsx; orapHdM mpensKcnoHeHt| 
paBeu 8,89. 

Peaks comet TPONMIMA C MepeKHCbiO BOOpoMa, BEPOATHO, He ABIAeTC! 
paqukaJIbHOu. SOTO BHAHO M3 TOTO, 4TO JoOaBeHue K CePHOKHCJIOMy pacTBOp! 
COMM TPONHINA SKBAMOCKYJAPHBIX KOAMYECTB CyIbtata w%elesa (6aronpus’| 
CTBYIOULeTO PaluKaJIbHOMy pactayy Mepekucu BoLoposa M OpraHnyeckHx Tlepi 
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(MCeH) HE TOMbKO, He YCKOPHAeT, HO 3aMeTHO TOPMOSHT peaKUMI0 C MepeKHCbIO 


‘bK mMepeKucn BoOpora. 
Ha ocHoBaHuH MOuIYYeHHbIX JaHHBIX 


“ {7 
VORKHO MpPeAMOJOXKUTb, YTO B_ TepBOu 
MOJICKYJIAPHOH CTAaQHH peaKIHH Mpo- 
XOJMT B3aHMOJeHCTBHe HOHA TPOTIH- hoy 
Wud C TePCKHCbIO BOMOpONa HM OOpasyer- 
H HeycTOMunNBad THAporepekues (1). 435 
xs 
OOn > 
Ny dl 
HHO. === ( +H 
H 
99 
(1) 
| dacTHe B peaKI\MH HMeHHO HOHA Tpo- 07 Pere Stes tay eS 
MMA (a He ero HeMMCCOMMH pOBaHHOH SU ees! Ge Sh aE G5 4-107 


ibJIH) MOATBep2xaeTcA TeM, UTO 3aMeHa 

POMHJa TPONWIHA Ha’ NepxXJlopaT He Puce. 1. 3aBMcHMocTb KOHCTaHTbI CKOpPOCcTH 
I peakUMM OT TeMMepaTypbI 
y3MeHHeT ee TeueHHA. Kpome Toro, pe- 

KUMA MOJIHOCTbIO MpeKpalllaercA yoxKe 

|| caOOUlesIOUHBIX Cpesqax, T. e. B TeX YCJIOBHAX, KOra KOHIeHTpalluA HOHA 
MONUIMA peskO MafaeT B pesybTaTe peakuuu C,H? + OH ->C,H,OH. Tlepe- 
Of, OT BOJHBIX PaCTBOPOB K CIMPTOBbIM YBeJIHYHMBaeT CKOPOCTb peaKUMH Ha 
IMH MOPAOK,YTO,BO3MOXKHO, CBA3AHO C MeHbIeH COJIbBaTallMeH HOHA TPONMIHA. 
| MoxHo RyMaTb, YTO rHAponepekucb | pacnafaerca, HO60 HeMocpesCTBeHHO 
6pa3syA MpORykTbl peakUMH, WH60 B COOTBETCTBHH C OObIYHBIM Me€XaHH3MOM 
}OHHOrO pacnafla ruyponepeKuceh (*) cHauala Wpeppalijaerca B KaTHoH II, 
MocueqHuH yxKe paciilemisetca Ha OeH301 u KaTHOH HCO": 


0-50 ot 
-OH- + po 
; eee! AG 
\\ ~ H 
H H 


(i) 
pie + or 
HC=0 —>~H'+CO; HC=0+H,0 —* HcooH + Ht 


‘akoro pola MpeBpallleHHio ClocoOcTByer SHeprerTnyecKad BbIFOLHOCTb O6pa3o- 
|aHHA apOMAaTHYeCKOM CHCTeMbI OeH30uIa. 

| MoxkHO OblIO Obl TAK%KE MPeMNONORUTb, YTO peakUMA MpoTeKaeT Yepes MIpo- 
me2KyTOUHOe OOpasoBaHHne TpomoHa. Onako TpoOMOHn He pacnafaeTcA Ha OeH3OU 
CO, a cielvaIbHbIMHM OMbITaMH OblIO MOKa3aHO, YTO OH He pearupyerT c Mepe- 
KHCbIO BOMOpOMa B TeX YCJIOBHAX, KOra pearupyioT cou TponHinsA. Ilo Tem xe 


panna peakUMA He MOKeT MPOTeKaTb Yepes MpoMexyTOUHOe OOpasoBaHne 
/eH3ab ern fla. 
| Takum o6pa30M, H3y4eHHaA B HaCTOAIeH paOoTe peakIMA Cy2KeHHA WAKA 
TAMUaeTcA OT WPyrHX aHaJIOTHYHBIX peakiMl (HalpNMep, OT CyxKeHHA WMKMAa 
; TPOMOMOHAX HIM B MPOMSBOAHbIX WMKJOOKTAaTeTpaeHa) TeM, 4YTO OHA MpoTe- 
caeT C CHHXPOHHBIM Pa3PbIBOM JBYX yIvepOl-yrepOWHbIX CBASeH H C OOpaso- 
saHHeM He3aMellleHHOrO OeHsOJIbHOrO KOWIbIla. B 9TOM OTHOWeHHH OHA MOKET 
DbITh COMOCTaBIeHa C peakItyaAmH | ,4-91MMHHAPOBaHMA B HeEKOTOPBIX OMWMKJIN- 
weCKHX cucTeMax (°), HallpuMep: 


C,H CgHs 
H.C, H.C 
¢ = + CO 
H,C, H.C 
C,H, CoH; 
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IKenepuyMeHTaabuad Hida Tb 


Peakiua OpomMucToro TPOMHANA C MEPeKHCbH 
BoRopoja. Tpexropmyio Kom6y, CHaO2KeHHYIO MellaIKOM, Kalle/IbHO! 
BOPOHKO HW OOPaTHbIM XOJIOAMJIbHHKOM (BepXHHM KOHEeI KOTOPOTO COeAMHAU 
c GroperKoli Ad COOUPAaHUA BbIJeMAIOMerOCA rasa) MpOAyBasIH aSOTOM H NOMeLlad 
B Hee pacrsop 13, 34 r(0,0780 mona) Opomucroro Tponusua B 100 Mul BOJbI. 3é 
TeM TIPH OXJIaxKeHHM XOJOAHOK BOOM MeJWIeHHO MpvOaBAIM 5% mnepekne 
Booposa. ocae npu6aBeHusA 9KBUBAJICHTHOTO KOJIMYeCTBAa NepeKHCH BOMOPOA 
(~53 mu) pacrBop He cosepxal OpomucToro TponusuA (OTpHUaTelbHad npob 
C IVIaTHHOXJOpHCTOBOAOpomHOH KucuoTOH). IlepememimBaHne mpofos2Kas0c 
euje 30 MHH. HW peaKIMOHHY!O CMeCb SKCTparHpoBasiH A-OKTaHOM (mpeyBapr 
T@IbHO WeperHaHHbIM Ha KovloHKe). Mccefqopanue BofHoro pacTBopa (A 
onmucaHo jauee. 

OpraHHueckHe BBITAXKKU MpoMbiBau BoJoH, 10% pacrBopom NaOH, BxHoB. 
BOJOH, CYMMIM Cyb(aTOM MarHUA UM MeperoHAJIM Ha KOMOHKe (3qeKTHBHOCTHI 
10 r. T.). Baio Bpieneno 4,90 r Gensoua c T. Kun. 79,6 —80,1°/746 mm, n% 1,500€ 


TaeV HO OrmeuAe Oy BPMIAs CPle Vel ye rile Ih feu 
CsgHg. Baruucaeno, %: C 92,21; H 7,74 


B nepexoquol @pakunn (0,95 r) vr. kum. 80,1 —123°, n® 1,4123, copep2xKure: 
eure 0,12 Gen3ona (onpexeneHo pedpakToMerpwyuecKH, CUNTad Ha OMHApHyK 
cMecb 6eu30s1a H H-OKTaHa). OOuuit BHIxol GeH3oNa 5,02 r (82,5%). 

Bex301 UueHTHPHUNPOBaIH NO YIbTpadHoeTOBOMy CIIeKTPy H HUTPO 
BaHHeM (CMeCbIO CepHOH H a30THOH KHCJIOT) HO HHUTPOOeH30a, KOTOPbIM 3aTel 
NepeBOAWJIM B aHHJIMH BOCCTAHOBJIeEHHeEM UMHKOBOM mbwibIo B HCl. Tony 
YCHHBIM AaHUJIMH ObWwI MpeBpalien B OeHsanusuy, T. nu. 16(0—161°; no autepa 
TYPHbIM JaHHbIM T. WI. 162°; He JaeT Jempeccuu TemMMepaTypbl NaBJeHHA C 3a- 
BeJOMbIM OOpasiloM. 

Bowupkh pactsBop (A) nospepranu neperonke c mapom. B xectun 
JlaTe cojlepxkaiocb 0,0390 Mosa MypaBbHHOM KHCJIOTHI (OMpeseseHO THTPOBaHH 
€M aJIHKBOTHOH YacTH NepMaHraHaTOM Kalua). MypaBbuHasd KMCIOTa B 4YAaCTI 
WecTuaTa HeHTHPUUMpOBaHa TepeBOJOM B N-OpoM@eHaluJOBbI 3c:pup, T. MW 
141 —142°; no muTepaTypHbIM WaHHbIM T. mi. 142°, He Jaer Mempeccuu Temnepa 
TYPbI WlaBJIeHHA C 3aBeJOMbIM OOpasiloM. 

IIpu peakunn BbIemuocb 1000 ma rasa (npu 746 mu wu 19,6°, Han HacbIeH 
HbIM pactBopom NaC]l),cofxep2xamero 98,6% CO u 1,4% O.;mocieqHHi,BeposTHO 
3a CUeT YACTHUHOFO Pa3sJIORKeHHA NepeKHCH BOLOpoda. 

PeakuuA Tepxatopatra TPOoOnUAUA Cc MepeK 1 cem 
Bomopoga. K9,8r (0,05 mona) nepxnopata Tponusua npHOaBAAIN MocTe 
MeHHO MIpH Oxawkenun 8 Mi 25% nepeKucu BoJopora B 30 Mu BOLI, peaKIMOH 
HYIO CMeCb SKCTParHpoBasH SPMPOM. OPupHble BLITAXKKH MpomplBaiu 10%-1 
pacTBOpOM Ilesoun (OOpaborky MeOUHBIX BbITAXKeK CM. HWKe) HU BOOM, Cy 
Hal cysbaTOM MarHuA MW MeperoHsAun. 

Baio BbieteHo 2,8 r (72%) 6en30ma c T. Kun. 79,7—78,1°, n® 1,5008 
d®} 0,8748. 


OcraToK OT OTTOHKH OeH30Na pacTBOpAIM B CHMpTe u MpHOaBseHHeM cnupt 
HOrO pacTBopa 2,4-MHUTpoenHIrupasHHa ocaxjasu 2,4-uHuTpoeHurUspe 
30H OeH3ambyerufa 0,11 r (1%, cuuTaa Ha comb Tponuausa), T. mt. 237°; no we 
TepaTyPHbIM JaHHbIM T. M1. 237°; He JaeT Lelpeccuu TemMepaTypbl MWiaBeHH 
C 3aBeOMbIM OOpasiloM. 

IleouHble BHITAXKKH OLIN yNapeHbI JO Maoro O6beMa, NOAKHCeHBI H o6pe 
OoTaHbI pacTBopoM Hiojla B HoAMCTOM KawIuM MH Cofol. Brman ocaloKx Tpuhonde 
Hosa 0,11 r (0,1%), v. mut. 157—158°; no awreparypHpm ZanHEm 157°; He nae 
felpeccHH TeMMepaTypbI MaBsIeHusA C 3aBeOMbIM OOpasiloM. 

IIpu peakuun Bpifenuioch 820 ma CO (740,4 mm, 20,7°, Ham HacBIeHHET 
pacrsopom NaCl), rT. e. 0,031 mona (62%). 
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UccneRopanue BSH He Te Ke Sp erde Keys 1 


Boguble pacTBopbl S9KBUMOJIEKYJAPHbIX KOJIMYECTB MepeKHCH BOJOpPosa u Opo- 
HMCTOTO TPONWINA NOMellasu B TePMOCTaTUPYyeMYIO “YTKY» HM MHTCHCHBHO BCTpA- 
juBaiM (200 —240 nonHbix KayaHuli B MHHYTY). 3a CKOpOcTbIO peak CleqMsIN 
0 oObemy BbiemHBUeroca rasa (CO). IlpeqpaputembHo Obwio MoKa3aHO, UTO: 
OJMYeCTBO OOpasoBaBlerocA rasa (MpH BCTpAXHBaHHM) MpoMmoplMoHabHO: 
OMY4eCTBY TWpopearMpoBaBuIMx BellecTB. KoHcTaHTa CKOPOCTH BBIMHCIAAaCcb. 
O ypaBHeHH: 


i 
| 
i 
1 
| 


Me / wea AY. 
pie alia 
iC WV —'V; 


ne ¢ — BpeMA OT Hauasia peaKUHU, Uo>— KOJIMYeCTBO Ta3a, BbIeTHBIMeecH Moc- 
He OKOHYAHHA peakUMU (ONpeeANIOCh 9KCMEPUMeHTAJIbHO B Ka2KJOM OMIBbITe),. 
k — KOJIMYeCTBO Ta3a, BbIeIMBUeecaA 3a Bpema f, Cy — HavaJIbHaA KOHILeH- 
pallu PpearupyIioulux BeLLeCTB. 

Una onpefenenua k ucno7b30BaHCb 3HaYeHHA UV; OT Hatasla peakIMH Jo: 
O0—70%-ro npeppalleHua. 3HayeHHA Kaxkyllelica 9HEPrHH aKTHBAalMU U Mpes- 
WKCIIOHEHTA OMpeleANIMCb B HHTepBane Temnepatyp 10—5SO° u BENcaAINCh. 
© MeTOy HavMeHbINMX KBafpaTos. 


VUuctuTyT aseMeHToopraHHyecKHX coeHHeHUlt MoctynHsio 
Akajylemun HayK CCCP 24 III 1959 


WHTHPOBAHHASA JIUTEPATYPA 


JI. JI. Tlocou, Xumux tTponoxosp uTponosoHos, VWI, 1956; Chem.Rev., 538,76 (1955).. 
eee O-eGi neg, LH. K.mo-x)Jo Am: Chem. Soe., 79, 352 (1957). »* didigkey pe 
eaHosB, M.E. Boapnun, 3. Il. lapuec, Xum. nayka uw mpompilumenuocth, 3, Ne 2, 
BS (1958). *R. Criegee, Ann., 560, 127 (1948). 5 W. Dilthey et al., Ber., 
6, 1627 (1933); 67, 1958, 2004 (1934), 71, 974 (1938); B.C. A6pamos, JAH, 62, 637 
948). 
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Noxsage Akagemuu nwayr CCCP 
1959. Tom 126, Ni 4 


_XHMH3$ 


A. B. 3HMHH, C. B. YYPMAHTEEB, A. B. TYBAHOBA u A. Jl. BEPHHA 


OJHOBPEMEHHOE OMIPEJIEJIEHHE C, H, F u Cl 
B FAJIOMAJMPOBAHHDbBIX YIFJIEBOAJOPOJAX METOJOM 
MHK POAHAJIH3A 


(ITpedcmaeaeno axademuxom C. C. Medeedesoim) | 


Bonpocy ompefetenua % cosepxaHua C, H, F u Cl B ranonqupoBaHHbl 
-yruepolopoyax MWYT€M CxKHraHHA BellecTBa B TOKe KHCOpOa MOCBALLeH pA, 
paoor. H.C. Huxomnaes (') onpeyenai OHOBpeMeHHO TpH 3uemeHTa (C, H, F) 
Tecron u Mak Kenna (?) Takxe onpeyemamm tTpH smementa (C, F, Cl) 
Ouu CUNTaIH, YTO OAHOBPeMeHHOe OlpeseseHve eTbIpeX 32JIEMeHTOB I1paKTH 
yeckH HeBo3sMoxkHO. M. O. Koputyx, H. 9. Tenpmau u K. VW. Pnas3opa (?) noKa 
_3aJIM BO3MOXKHOCTh OMpeAeICHHA YETHIPeX 3JIEMCHTOB, HO MeTOMKa OMpeseeHH 


Puc. 1. / — Gannon c KkucaOopoxom; 2 — ocymmTenb; 3 — neub qua 
@KHPAaHHA JIeTYYHX YreBOLOPOAOB Ha MWaTHHApOBaHHOM ac6ecTe 
mpu f° = 485—500°; 4— anmapaTuku gua mornomenua H2O u 
COz; 5 — ra3oBaa ropenkKa WIA CoKUTaHHA HaBecKH; 6 — KBaple- 
Baad TpyOKa d= 12 mm, / = 650 mm; 7 — neu npu f° = 1050— 
1150°, d= 15 mm, / = 200—220 mm; 8 — anmapatuk c 98% HeSO4 
AA Tormouenua H2O; 9 — annapatuk c metamuueckum Ag qua 
normomenusd Cl, d = 10—11 mm, /= 110 mm; /0 — neu npn £2 = 
=400°-+3°, d= 15 mm, /= 110 mm; 11 — annapatux c KF qua 
normomenua SiFa; d= 10—11 mm, /= 140 mm; 12 — neup pu 
f° = 240°+5°, d= 15 wm, /= 100 mm; /3 — allapaTuK c aHrHuy- 
pouom (Mg (ClOa)a) 1a mornomenua H2O; 14 — annapartuk c acKa- 
PHTOM Ja Normomenun CO2z; 15 — ocyumtTenb; 16 — acnupatop c 
H2O (pasmepsi annapatuxos 13, 14, 15, 16 saaTbt no M. O. Kop- 
uryH (*));/7 — Mepuplit WHaMHAp Aaa onpexenenusa CKOpOcTH TIpo- 
TOKa KUCOpofa 10 OObeMy BbITeKAeMOli BOAbI. OObIuHO CKOpOCTS 
MpoToKa KHCJopoga coctapiset 10 Ma B MHHYTY 


‘<PTopa COx#KHA, MOSTOMY TPYAHO NOMyYaTb BOCMPOM3BOAUMbIe pesyJbTaTb 
IIpeoxKeHHbIe MeTOAbI PasfeIbHOFO ONpPeLeeHHA SIeEMeHTOB He MMeIOT MIpé 
HMYULCCTBA, IOCKOJbKY BPeMA, HEOOXOMMMOe Ha ONpeseseHHe YeTHIPeX IWIeMCE 
TOB, B CyMMe OyjleT He MeHbIle, YeM pH OAHOBPpeMeHHOM ompesenenun C, H, | 
u Cl, Tora Kak KOJMYeCTBO BellecTBa, NOTPeOHOe AIA ananusa, B TlepBOM CJIy 
yae Oyler B YeTbIPe pasa Ooublle, YeM B NocweHeM. 
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B MpOBeLeHHOK padoTe OblIO yCTaHOBJIeHO, UTO OJHOBPeMeHHOe onpeweseHue 
1X SJIEMEHTOB, MYTeM OMpeeIeHHsA MpHBeca B MOPOTHTebHbIX almaparax, 
AKTHYeCKH BO3MOXKHO. [Ipeqnaraempli merox, paspa6oraHHbili Ha ocHoBe 
por M. O. Koputyx c coaBropamm (°, 4), no3sBousner ONpeleATh B YKUAKUX U 
pAbIX BelllecTBax CoflepxaHHe Kak C, F, Cl B ranougoyrnepoyax, Tak u 
1H, F u Cl B ranongoyraesogzopoyax. 

WOOulad CxeMa ycTaHOBKM JjaHa Ha puce. |. 

'B onbirax OblWwlO ycTaHOBJIeHO, UTO AWIMHa MOTIOTUTebDHbIX allltapaTHKOB 
| 17), TeMmepatypa neve HM CKOpocTb nosauN KuCOpoya B3aNMO3aBUCHMHI. 
j“doulee OfpaHHuHBalOuMMH *akTOpaMu ObIM WIWHa HW BeC NOPMOTHTeAbHBIX 
lapaTHKOB, CTaOWJIbHOCTb Temnepatyppl meveli (7, 10, 12), xumuueckas un- 
ita MetaJuiMmueckoro Ag, KF, HeSQO,, - 

2, KBapileBow TpyOKe (6) H KBapte- 3 2 f 

lH} AaMNYJIbI HW CTaKaHUHKa WIA B3ATHA 
beckH. C wWebio nofyepxkaHua cra- 
| bHOM TeMNepaTypbl B neuax (7, 10, 


MOcJIeHHe MOAKMOYaIUCb K cTa- 
Wimsatopy HanpaxenuaA. Ilpomepbl xsapuensii crakanunx: 3 — Kpaplenasx 
HepaTypbl NPOBOWJIH TOUHO KaJ1H6- aMlyJla C HaBeCKOH 

BaHHOH TepMOMapoOH B MOMeCHT Ha- 

KICHUA allilapaTHKOB B meyax. 

KF roropwia myTeM mpoKajHpanHa KHFe2 x.4. npw temmepatrype 450° 
*euCHHe HECKOJIbKUX YacOB, 3aTeM ApoOuH HU OTONPaH dpakunio c 3epHOM 
= 1—2 mm. H2SOz x.u. ounulaiu AByXKpaTHOH MeperoHkon c OTOOpoOM cper- 
dpakunu. Merasmuueckoe cepeO6po OblwIO B BUe CeETKH U3 TOHKOM MpoBo- 
KM, UMcTOTa KoTOpoH Opa 99,99. Unudpl B annapatuKax (8, //) Obmu no- 
ABJIGHLI Ha (PTOPHPOBaHHy!O cMa3Ky, YCTOHYMBY!IO K JleHCTBHIO KuCMOpoga u 
jopa mpu Temnepatypax Bie 100°. JL nOHOTHI CKMTAaHHA B KBaplleBylo 
| Oxy (6) nomMelmain pyJOHUMK ToppupoBaHHOH TOHKOM TWwaTHHOBOH x*ecTH 
uno 50—60 MM, a 3a MwlaTHHOH MejKOKpHcTalmMueckuh SiOz qa G6omee 
jmHoro mepesona F u HF B SiFa. 

| Cnemyer oTMeTHTb, 4YTO Mpolecc CKUrAaHHA HAaBeCKH CYIIeCTBeHHO BJIMAeT 
| :pesysibTaTbI aHasu3a. Han6oulee BOCIpOH3BOAMMbIe pe3yJIbTaTbl, Kora Ha- 
KY C MOMOIIbIO TasoBOH TopesKH (5) CHayasa NOCTeMeHHO MOABepraroT 11H- 
IM3Y, 3ATEM TMOCTENCHHBIM MpOKaJIMBaHWeM TasJIbHOH TOPeNKOM cxKUTAaloT 
pYIIMBUIMCA OCTAaTOK. 

Jia avasiu3a %*XUAKUX BelllecTB Cc TeMNepaTypoH KuNeHuA WO ~180 ° xuTKO- 
HW HaOMpalor B KBapleBble AMMYVIbI M, He 3allaMBaw UX KOHYHKA, B3BeLUBAIOT *, 
bce Uero MOMelLaloT B KBapleBbIM CTaKaHUYMK, KaK MOKa3aHoO Ha puc. 2. Bo- 


Puc. 2. 1 — kpapuesanx tTpy6Ka (6); 2— 


) 
re BbICOKO KHMALULMe BeIeCTBa MOMeLLaIOTCA HeMOCpeACTBEHHO B KBaDpIeBblii 
fakaHuHK (puce. 2, 2). 

| B wekorTopbix clyyanX MPH XOJIOCTOM CXKHTAHHH NO/MyYaeTcA MpHBeC B amma- 
aTUKe (8) c HeSOa go 5-10% r, aB anmaparuke (//) c KF yO6pinp zo 
N—12-10°5 rc coorBercTBYIOUIMM MpHBecoM B allmapaTuKe (/3) c Mg(ClOa)s, 
9STOMY IPH OMpeeseHHH MpOweHTHOrO COJepKaHvA 3/IeMeHTOB B pacueTax 
\ ee yesaTb MOmpaBKH. 

OnpefeneHue MpOWeHTHOrO COepxaHHA BJIEMeHTOB COCTONT U3 Cuelyto- 
ux onepaunit: 1) 20—30 MuH. nporpeB anmapaTukos; 2) 30 MuH.—- xomocToe 
KuraHHe; 3) 30—45 muH.—oxuaxyeHve amnmapatukos; 4) 10—l15 mun. — 
3BeulMBaHHe; 5) 20—30 MuH.— HarpeB ammapaTuKos, 6) 5—8 muH.— mIpo- 
yBaHHe KHCOPOAOM KBapleBol TpyOKu (6) anmapatos (8, 9, //) rocie nome- 
CHUA HaBeCKH JWI CXKHTAaHUA B KBaplleBylo TpyOKy. SaTem npHcoesquHeHue 
mnmapaTuKoB (13, 14); 7) 45—50 mun. — cxkuranve HaBeckH; 8) 30—40 mun. — 
ponyBanue Os; 9) 30—40 mun.—oxaaxyenve; 10) 10—15 mux. — Bapeumn- 


anne. 


* YcraHoB/eHO, YTO Ip MawbIX OTBEPCTMAX KaNMJApa B aMMysax ToTepsA B Bece 3a 10— 
) MMH. IpakTHyecKH He HaGwlofaeTcA Nake AIA WUAKOCTeH, KHMALMX mpH 50”. 
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B uedax Sovlee TOUHOFO ONpeleseHUA MpHBeca BCe NOTIOTHTebHbIe anila| 
THKU TapHpylotcd, Onaroyapa qeMy MpHBec onpeleJ AJM TOJIbBKO C TOMO, 
ONTHYeCKOl WKaJIbI H pelirepa. bpytTro NOriOTHTeJIbHbIX alllapaTHKOB He Ml} 
ppitiano 12—14 r. PesybTaTbl aHa/IH30B HEKOTOPHIX BeULeCTB IIPHBeeHbl BT: 
JIMUe. 

Ta6ann 


Onpegenenue cogepxkanua C, H, F u Cl B rasouyzoyraepogoposax 


Conepmanune, % 
AHaJIu3H- |Hapec- “ Ss Beero |Basopan mopmy wa } 
pymple KH, T % oT | WeHTHOMY COOTHOI 
BeulecTBa wait- | Bbl- | wati- | BI | nat- | Bll | wati- | BPI” lHapec- 9JIeMCHTOB 
meno | 44C- | eno | Y#C- | newo | 2HC- | neno | THC Ku 
JICHO JIEHO JIEHO JIGHO 
0,00741 | 12,89 | 12,80 | 0 0 | 30,12 | 20,40 | 56,54 | 56,80] 99,55 | C.F, Cl 
GsR.Cl: : 2 2395 2997 
0,00624 | 13,04 30,24 56,52 99,80.) °C Ee Clam 
CHLR.C], _|0200665 | 41.83 2,20 24,40 34,27 99,70) CH FG 
siors™"2 10,00563 | 41,90 | 41,92 | 2,17 | 2,48 | 24,79 | 24,90 | 30,90] 31,00) 99,76} CH FL. Cl 
baits 0,00553 | 69,78 5,18 24,58 0 0. |.99,54). C,H oF a 
orish2 000688 | 69,77 | 70,13 | 5,19 | 5,20 | 24,31 | 24,68 00,27| CH Fa 
CHLF,c) {0700860 | 45,25 2,37 35,09 16,82 90,53) CH 2 Pam 
ae 0,00808 | 45,43 | 45,18 | 2,87 | 2,35 | 35,27 | 35,76 | 16,96 | 16,71] 99,83} CH” Fo Cl. 
0,00635 | 50,03 2,10 39,36 0 0» (94:49. IME rES eaRes i 
C,H,F,O 3 ; 8. 4308 2998 ~ 1301 
0,00597 | 50,02 | 50,00 | 2,08 | 2,08 | 38,92 | 39,58] 0 0. (9402:| GC Hog Gam 
0,00615 | 42,35 4,30 33,03 15,64 92,2991 CH. FC 
G;H,F,ClO 3 @ 2305" (9994 Lami 
0,00625 | 42,33 | 42,88 | 1,32 | 1,32 | 33,32 | 33,55 | 15,68 | 15,67|92,65| CH) oF | CL 
& 199 399 ’ 


* Cojepxanue KMcmopogza mo pa3Hocru. 


Kak BugHO u3 Ta6l. 1, Wpefviaraembili MeTOJ, MpHrojeH Avis BCex Bellec’ 
KHMAWMX Bbilue 47°. Crelyer Tak2Ke OTMETHTh, UTO JAHHbIM MeTOL NOSBOAeT € 
H3MCHEHHA CX€MbI YCTaHOBKH puc. | onpeesATb B HaBeCKe IIpOWeHTHOe COsepx 
ave aieMeHTos (H, F u Cl) B pagmuunpix coveraHuax Cc aTOMaMnu yrslepoda. Ilo- 
JMMOMY, 9TOT MeTOX MO2XKHO MPHMeHATh VM AVIA aHaM3a ras00OpasHblx Beer 
TIpH YCJIOBHH COXPpaHeHHA CKOPOCTH Noa Ta30B paBHOM CKOPOCTH MpH CH 
TaHHH XK IKUX WH TBepJIbIX BeLLeCTB, T. e. HaBecKa B O ‘10? r fomxKHa paBHOMep 
mojaBaTbcsA Ha C*KMTanne B TeYeHHe 40 —5O mMunyr. 

CunTaeM CBOHM JOJTOM BbIpasHTb Fi1yOOKY!O MPU3HAaTeIbHOCTb WIeHY-KO] 
AH CCCP npod. K. A. Kouemkosy u E. M. Ilanospy 3a BHUMaHHe HM TOMO 
OKa3aHHble pH BbINOJIHeHHH JaHHOM padoTHl. 


Hay4no -uccmeqopaTembcKuit 
(U3HKO-XMMMYeCKMH MHCTHTYT 
uM. JI. 4. Kapmosa 


Tloctynusio 
18 II 1959 


UMTMPOBAHHAS JIMTEPATYPA 


1 H.C. Huxoaaes, Uss. AH CCCP, OXH, Ne4 SO09KT945)e 2 Re O2Di i ersan 
F.E. Mc Kenna, Anal. Chem., 19, 193 ls Sale). JP Oui 20 au,M.O. Ko p a 
K. HW. IT aasopa, JAH, 111, 1255 (1956). 4*M.O. Kopmyu,H.9. Teapnme 
Hosble MeTobI 9leMeHTapHoro MUKpoaHasusa, M., 1949, 
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Wornanqn AKkKaygemun nayk CCCP 
1959. Tom 126, Ne 4 


XHMHA 


Axayemux Bb. A. KASAHCKHH, M. H. POSEHIAPT u 3. ©. KY3HELLOBA 


BJIAAHHE JOBABOK UWIEJIOUHbIX 3JIEMEHTOB 
HA KATAJIMTH4UECKHE CBOHCTBA AJIFOMOXPOMOBbIX 
KATAJIA3ATOPOB 


| WVspecruo, 4To BBelenne HeGOJIbINHX KOJIMYeCTB KaJIMA V We3HA B COCTAB aJiio- 
| MOXPOMOBbIX KaTaNSaTOPOB NOBbIINAeT FBIXON HeMeBLIX NPOLYKTOB B peakluAx 
AaPpOMATH3allMH NapauHoBEIX yrvieposopofzoB ('). OjHako B  suTepatype 
| OTCYTCTBYK T HajlexKHbIe CBEJ€HHA O BUJHAHUM JPyrHX IWesOUHBIX 9JIeMeHTOB 
jx KaTaJIMTHYeCKHe CBOHCTBA aJIIOMOXPOMOBBIX KaTaJIM3aTOpOB. SToMy Bompocy 
i 


HW MOCBAULeHAa HACTOSINaa cTaTbA. B Hel U3IOKeHbI PeSYJIbTATHI UCCeFOBaHHA 
HBJIMAHHA MOOABOK SKBUBAJICHTHBIX KOJIMUCCTB JIHTHA, HATPHA, Kalua, pyOugua 
ik We3HA Ha AKTHBHOCTb JByX Mpenapatos (A u 5) asoMoxpoMoBbix KaTasiu3a- 
ITOPOB B pe€aKUMAX JerHAPOUNKMN3alHH H-renTana HU JerHAPOrenH3alluu WAKJO- 
irekcana mpu 520°. 

Oxa3aulocb, YTO BBeJeHHe JIMTHA B MPHTOTOBJICHHBIC HAMH aJIKOMOXPOMOBBIe 
KaTaJIM3aTOpbl MpaKTHYeCKH He OKAa3bIBaeT HHKAKOFO JeHCTBHA Ha BbIXOA apo- 
MaTHKH 43 renTana. BBefenne naTpHa B KaTaH3aTop A uM KaTamu3aTop B no- 
BbICHJIO BbIXOJ, apomaTHKH Ha 8 %. IIpomorupyronlee JelicTBue UeOUHBIX 9ue- 
M€HTOB BO3pacTaJiO aJIblle K KaJIMIO (YBeJIHMUeHHe BbIXOJa apOMaTHKH Ha 13 u 
11%), MocTuriIo MakcuMyMa Jia pyOugua (21 nu 15%) uw AIA We3sHA cocTaBUJO 
9 u 13%. TIpomorupyromjee JeHCTBHe LeJIOUHBIX QJIEMEHTOB HAaGJIONasIOCh TakxKe 
Mp JerHAporenu3saluv WHKJIOreKCaHa Ha STUX %Ke OOPaslaxX KaTaJIH3aTOpoB. 
Wlockoubky UCNbITAHHBIe KaTaJIM3aTOPbI He YMeHbIUAaIM CBOeH AKTHBHOCTH B Te- 
luenne 4 uac. paOoTbl Kak C renTaHOM, TaK HC WMKJIOreKCaHOM (cM. TakxKe Haly 
InpedbiAy uy 10 cTaTbio (2)), TO CwelyeT CUYHTaTb, YTO EbIXObl APOMATHKH Ha 
jpasHBIxX OOpasilax OTpaxkaioT H8MeHeHHe HX AKTHBHOCTH IPH BBeJeHHH jJlO- 
OaeoK, a He BbISBaHbl H3Me€HeHHeEM CTaOHJIbHOCTH CO BpeMeHeM B_ mpollecce 


[ 
| 
H 


| Cmenyer OTMeTHTb, 4TO HMeeTCA OOMbWIOe CXOJCTEO Mex Jy BJIMAHHEM pas- 
VIMUHBIX LWLEJIOUHBIX 3JIEMCHTOBB PeaKkUHH Jers pOolMKJIH3 alll PenTana Ha aJIHOMO- 
IXPOMOBLIX KaTaIM3aTOpax HW BJIMAHHeM STHX 2%e NOOaBOK Ha Nerv pupoBanue 
OyTeHa Ha %Kee30MarHHeBOM KaTaHu3atope (*). BosmMoxHO, YTO STO CXOJCTBO 
JOObACHACTCA HaMUHeM 06. eH CTaHM B PeakUMAX JerHvApPOUMKMMsallHu MU Jeruy- 
IDHPOBaHHA yrvieBoxopoxos. Takon craueh Moxer OpiTb AMCCOlWMAaTHBHAA acopo- 
IIMA Ha KaTasIusaTOpe MOJEKYJIbI Napaduna HIM NpeebHOU YaCTH MOJIEKY Jbl OWe- 
buna, T. €. aKTHBHPOBaHHaN afcopOlunA Mp OMHOBPeMeHHON JeopMallnu HIN 
IMCCOUMALHU YIruiepOd-BOJOpOAHbIX CBASCH HMCHHO TeX aTOMOB MOJIeKy Jbl yrvie- 
IBOMoposa, KOTOPple yYACTBYIOT B PeakIHH. ‘ 

Ilpm BBe2eHvH UeJIOUHBIX SJIEMCHTOB B aJIKOMOXPOMOBBIM KaTaJIH3aTOp To- 
BIL ATCA BbIXOJ KaTaiugaTa, T. €. YMeHbIUaeTCA KPeKHHT YyIvieBOZOpOOos. 
To BaCTaBAeT MPeANOORKATb, YTO B aJKOMOXPOMOBOM KaTaJUsaTOpe UMeIOTCA 
fAKTHBHBIC IWeHTPbl, KaTaIH3MpyloulMe peakUMuM KpeKHHTa UM MOJMMepHsaluK 
EMIPECNbHBIX YIeBOAOPOfoB, KOTOPHIe MpoTeKawor yepes OOpasoBanHe KapOo- 
iHHH-HOHA MOJOOHO TOMY, KaK 3TO HMEET MECTO B KJIaCCHYCCKOM CJIyUae aJIIOMO- 
WIuKaTHOTO KaTalM3aTopa. Takoe flelicrBue JOOaBOK IeOUHbIX 9JIEMCHTOB, 
iNO-BHAMMOMY, JOJ2KHO YMeHEIWHTb OTJOXKeHHE «KKOKCa» Ha KaTaJIM3aTOpe, 4 
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cIeOBaTeIbHO, NOBLICHTh CTaOHMbHOCTS KaTamusatopa (+). TlockouIbKy weJ04- 
HbIC 9JICEMCHTbI ABJIAIOTCA KaTaIM3aTOpaMH OKUCJeHHA yruis (5) MH «KOKCa» Napa- 
MH Bol! (*), MOXKHO OXKULAaTb, YTO BBEMEHHE LWIEOUHbIX IJICEMCHTOB 6yfeT CHH- 
*KaTb TeMMepaTypy perenepallMu KaTaJIH3aTOpOB, TEM CaMbIM YBeCJIMUMBaA UX 
YCTOMUYMBOCTH, T. €. YAMHAA CPOK Ciy2KObI. C ApyroH CTOPOHbI, MpHcyTCTBHe 
I@JIOUHbIX SJICMCHTOB YMeHbILIaeT TEPMHYCCKY1O CTAOMJIbHOCTb aJIIOMOXPOMOBBIX 
Katamu3atopos (4). TakuM o6pa30M, UlevIOUHBIe 3JIEMeHTbI OKA3bIBaIOT, IO- 
BHJMMOMY, KOMOMHMpOBaHHoe JelicTBHe Ha KaTalusaTOp B Tpolecce apoMaTH- 
3allHH YIIEBOLOPOAOB, POJb OTICJIbHbIX CTOPOH KOTOPOrO elle He JOCTaTOUHO 
BbIACHeHA 


IKCHePpUMeHTAALHAA YACTH 


Meroquka mpoBeseHuA OMbITOB HM allmapaTypa B HaCTOALeM UCCeqOBaHHH 
ObIJIH Te Ke, TO MU B NpeAbIAyueli nate padore (7). YrmepoxoposEl UMewIH cae- 
iyroulve =KOHCTaHTHI: 


° 472 
ey seam, OC: ny azo HD, Satie 
np 760 MM me) 
lux aorekcaH 80,7 1 4260 — --6,3 
A-lentau 98,4 13878 0,6834 — 


Katanusatoppi A u B, ciy2xKHBIIHe OCHOBOH JIA HAaHECeHHA MPOMOTOPOB, MMe. 
JIM OfMHAaKOBbI coctas (15 Mow. % oKHcH xpoma u 85 Mom. % OKHCH auJltO- 
MHHHA), HO H€CKOJbKO OTAMYaNuCh cnocoOoM mpHroToBweHHa. Kaxkypl ue 
mpenapatToB kaTasu3aTopos A u B pa3yesavica Ha MOPWHH paBHOoro BeCa, KOTO- 
PbIe MPOMUTHIBaAIHCh B OMMHAKOBbIX YCJIOBHAX PaCTBOPaMH HUTPAaTOB COOTBET- 
fee. % CTBYIOUHX 3JIEMeHTOB, B3ATbIX B TaKHX 
KOJINYeECTBAX, YTOOBI COCTAB MPOMOTHPO. 
BaHHOLO KaTaJlM3aTopa Obl Cle LY IOUHM} 
2,6 Mom. % OKHCH WleOUHOTO 31eMeHTAa. 
14,6 mom. % oxucu xpoma, 82,8 mom. % 
OKHCH aJIOMHHUA. OOpa3itbl KaTaJu- 
3aTOPOB CYWIMIHCb, MporpeBaluch Jc 
JOCTHXKCHHA TeEMMepatyPpbl ONbITa B TOKE 
BO3LyXa H AKTHBHPOBaIHCh MpomyckKa. 
HHeM IIpH TemMepatype OMbITAa yrseBoTO. 
pofoB B TeyeHHe 2 HIM 4 Yac. c HocHAe 

bea Li Na K Rb Cs  fyroulel perenepauueh. B xu_KHX mpo 
ee YKTAaX peak onpesemsmn cosepxKa 
Puc. 1. Barxogbl apomaTHKuH u3 rentana Ha HWE APOMATHYCCKUX HM HEIIPeeCJIbHBIA 


AJIOMOXPOMOBBIX KaTasIH3aTopax C AoOaBKa- YIFJIEBOJOPOAOB MeTOaMH, ONHNCaHHbIMI 
MH I@JIOUHbIX SJICMeCHTOB. OObeMHAaA CKO- panee (2) 

poctb 0,35 uac —1; npogomKHTeIbHOCTH ONBI- A é 

Tos 4 yaca. | — KaTamusatop b; Temnepary- POMATH3aANH A reiuta 


pa ombitos 530°; 2 — Katanusatop A; tem- 4H a. Hamu OniiM mpoBeyeHbl Be cepHil 
mepatypa onbitos 520°; 3 —spixoq uBu- ONbITOB NO apOMaTH3allHH H-renTaHa 
HHJIa H3 OyTeHOB Ha A a a nae Ka- owHa—c KaTaJIH3aTOPOM x Upyraa — 
Bh) Cc KaTasusatopom Bb. Ileppaa cepus 
OMbITOB C KaTasH3aTopoM A 6pisa mpo 
BeeHa apadIeIbHO C ONbITaMH MO Aeru{pupoBaHHio WMKJOreKcaHa B Os104HO! 
Med, PaCCuHTaHHOH Ha OAHOBPeMeHHy10 padoTy c ABYMA KaTamHTHUeCKMM) 
TpyOkamu. Tako nopa0K mpoBesenua onpiros AaBaJl YBEPCHHOCTb, 4TO Ha 
OJOAaBleecA PasMINe B WeHCTBH rpynnsl WeOUBEIX 9JIeCMCHTOB B O6eHX pe 
AKIMAX HE BbISBaHO PasJIMYHeM TeMMepaTyp. OTH OMbITHI — MPOAOMKUTeEMbHC 
cTbio 4 vaca, Cc KatTaslM3atopom A — npopezensi mpu 520° c o6bemuolt CKOPOCTBI 
0,35 vac 1; KaxKkypt oOpasel, cotepxan 20 mua KaTausatopa A, Pesyabrari 
ONBITOB MpuBeeHb! B Tad. | w Ha puc. 1. BBeqenue naTpua B KaTaJIM3aTop / 
YBeJIHYMJIO BbIXO] apoMaTHKH C 44 Bec. % (HeMpoMOTHpPOBaHHBIit o6pas3en 
qo 52%, BBexenue Kalua — Jo 57%, pyOunua — mo 65%, mesux — 53% 
Bropaa cepua onpiTos mpoBoxusach mpu 530° u o6bemHOli ckopoctn 0,35 yac- 
Ha OOpa3ilax, MPHrOTOBJIeHHbIX Ha OCHOBe KaTamu3aTopa B (20 ma) nocue TOM 
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Boix00 apomamuku ——» 
cS 


Ta6auna 1 


ApoMatusallMsa remtana C aJOMOXpOMOBBIMH KaTaslMsaTopamu. Temmepatypa onpiTos: 
Katanusatop A 520°, katanusatop B 530°; o6bemuasa cKopocTp 0,35 uac.-1 


Le - : 
| Buixog, Bec. % 
NoNo Karasu- Tpowerce n20 ap eanaee 

jonsitos} —sarop z Tasusata fan ti apOMaTHKH | HempefedbHBIX 
{ A Bes mpomotopa 41,4540 14,7 65 4h 9,0 
2 Na 14,4562 13,6 75 52 8,3 

3 K 41,4580 13,8 80 57 8,5 
4 Rb 1, 4856 — 70 65 - 
5 Cs 474545 10,4 11 53 6,4 
6 B Bes npomoropa 4, 4660 15,76 84 DONE 9,7 
7 To »*e 1,4610 15,34 84 62 9,4 
8 To »*e 1, 4590 15,76 85 64 937 
9 Li 44589 16, 40 83 60 10:4 
10 Na 474665 2°00 89 70 112 
14 Na 124667 4°20 89 69 037 
42 K 174728 7,85 87 72 48 
43 Rb 1) 4780 5°90 89 78 36 
44 Rb 174760 5 Ad 87 Th 979 
15 Cs 1,4720 6,05 90 74 3,3 
16 Cs 174720 5,75 90 1h 3.4 


KaK Ha HHX ObIIH MpPOBeeHbI OMbITHI C WHKJIOreKcaHoM. Bpixok apOMaTHKH Ha 
KaTausatope B (cm. ta6u. 1, puc. 1) cocrapun 61 Bec. %. 

Ilpu BBeJeHHH JIMTHA BbIXO, apOMaTHKN He U3MeHHsIcA (60%), TO6aBKa Ha- 
TPA MOBbICHa BEIXOZ Jo 69%, Kanna —72 %, pyOuqua — B cpesHeM Jo 76%, 
wesuan — fo 74%. 

Ha puc. | npeycTapena TakxKe 3aBHCHMOCTb M@XKLY BbIXOJOM AHBUHHJAa U3 
OyTeHa Ha XKeJe3OMarHHeBOM KaTaJIH3aTOpe, COslepKaBWIeM MeJib, HW B3ATLIM 


JIA TIPOMOTHPOBaHHA UWeJIOUHBIM SJleMeHTOM (°). M3 cpaBHeHua xogJa JIMHHE 
Ha pue. | BYAHO OouIbLWIOe CXOACTBO STOM 3ABHCHMOCTH B peaKWHH JeruypowuKsn- 


gallu relTana U Jerugporenu3auun OyTena. 

ApoMaTH3aNHA WUKMoreKcauna. C WukMoreKcaHoM Takxe 
6bIsIO MpoBeszeHo ABe cepuu onpiTos. Ileppaa cepua Gpita mpoBeyena mpu 520° 
HM oObeMHOH cKopocTH 0,8 uac. 1 c COpasllamMu, NPHrOTOBJeHHbIMH HaHeceHHeM 
cole Ha KaTamusatop A (10 Ma Aas 
Kaxkloro oOpa3iia). C oOpasnamu 6e3 bee. % 


MpoMoTopa WIM cosep2kaBlIHMN kKa- w Sat di 

Jui WIM HaTpH OpIo MpoBegzeHo M0 RUBE ORE? HE neO I aN ae 
Ba Onbita, OAM — wemocpeycTBeHHO 

locale Apyroro 6es perenepauun. Bur << & 

XOJ[bI ADOMATHKH B 9THX OmpITax (cM. = §& 

Ta6n. 2, puc. 2) mpaxTuyeckH ofuHa- S iy y 

KOBBI, UTO YKa3bIBaeT Ha oTCyTcTBHe & TABLA 
ABJICHUA OTPaBJeHHA KaTasIMsaTopa. 3 


J\ia wempomMoTHpoBaHHoro oOpasila goa st st 


be3 i No K Rb Cs 
KaTausaTtopa A BbIxXOJ| apoMaTHKH npomomopa ui 


coctaBuu 30 Bec. %, a JIA MpomorTnH- 
POBaHHBIX OOpasoB B cpesqHeM 35%; Puc. 2. Boixogbl apomaTHKu \H3 WHkNOreKcaHa 
9KCHEPHMeHTAJIbHbI pas6poc BeJIH- Ha aJIIOMOXPOMOBBbIX KaTaJIM3aTOpax C moOarKa- 


0 MH Il€JIOUHbIX 93JIEMEHTOB. Temnepatypa OIbI- 
OS EE 2 oa ae “2%. Ipopona Top 520°, mpogomuxKUTeIbHocTh 4 [uaca; J — 


BTOPyiO C€pHIO OMBITOB C UHKJIOeK- CpeHHH BbIXO apoOMaTHKH Ha o6pasiax, MmpH- 

CaHOM Ha KaTasusatope b, MbI PeliH- TERORNGH ELS u3 ea aa ae: 
i 5 "ack = 

Sie ec iee pony aE ae aig farmaraie o6pa3iax, MPHTOTOBJICHHBIX H3 Ka- 

PorHs © olan eb vie a eee tamugatopa B; o6bemHax ckopoctb 0,35 yac.-} 

JMIMCb pH OObeMHOH cCKOpocTH 

0,35 uac1 (20 Mi KaTamu3aTopa) u 

Temnepatype 520°. Bpixoy apoMaTHKH Ha HeMPOMOTHPOBaHHOM o6pasie KaTa- 

ausatopa B pasusvica 70 Bec. %, a Ha MPOMOTHPOBAHHbIX — B CPeHeM 75% 

(cm. Ta6. 2, puc. 2). Pacxom Jenne Mex Ay JaHHbIMH STOM CEPHH OMBITOB COCTa- 
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Ta6Oanna 2 


°. 
Apomarus3allna WHKWorekcaHa, TeMMepaTypa OMIbITOB By Oe NpOMOJMKUTECIbHOCTb OINbITOB 


4 uaca 
Bpixog, Bec. % 
Bpomuoe 
NoNe n29 
IIpomotop D WHCJIO 
PEO! KaTasugaTa KaTamu3atTa KaTasHu3aTa apOMaTHKU | Hempe/euIbAbIx 


Ha anlioMoxpoMOBOM KaTaausatTope At 


1 Bes npomotopa 4, 4472 4,5 85 30 2,3 
2 To kee 43.4450 54 84 26 236 
a Li 41,4500 — 92 36 _ 
h Na 474500 4,0 85 33 2,0 
52 Na 4,4542 3,0 87 39 1,5 
6 K 41,4514 3.7 89 36 1,9 
7 K 41,4528 2,9 86 37 1.5 
8 K 41,4519 Pik 85 36 Aad 
0? K 1,4540 233 88 39 152 
10 Rb 4? 4580 ams 74 35 = 
14 Rb 474510 1,6 87 35 0,8 
42 Cs 1, 4488 Oe 99 33 134 
Ha atMMOXPOMOBOM KaTauausaTope b* 

1 Bes mpomotopa 41,4812 4,42 88 69 Dat 
28 To xe 4, 4800 5,63 94 uM 239 
3 Li 1, 4823 2,99. 93 73 455 
4 Li 41,4807 3,20 97 75 1,6 
5 Na 1,4868 1,87 93 80 0,96 
6 K 1, 4869 1,20 92 79 0,6 
7 Rb 1,4835 219 89 73 ees 
8 Rb 41,4855 2,30 89 74 be 
9 Cs 41,4812 2,10 91 raed 1,3 
40 Cs 41,4845 2,45 94 75 1,2 


1 O6pbemuaa cKopoctsb 0,8 uacm}. ? Onsir npoBexen mocme mpeqbiaymero 6e3 perenepa- 
wun. * Onpir mpopeyeH B TeveHve 3 uac. Mocme npembiayutero 6e3 perenHepanuH. * Obtem- 
Had cKopoctb 0,35 uac-}, 5 Cpexaa nopuua KaTamusaTopa. 


BuO +-3,5%. Takum o60pa30M, yBesIM¥eHHe BbIXOJa apOMaTHKH Ha IIpOMOTH- 
POBaHHbIX OOpasllax, 10 CPaBHCHHIO C HEMPOMOTHPOBaHHbIMH, JOCTHTasO Cc Ka- 
tasu3aTopamMu A uv B gp cpegquem 5%. 

CreqyeT OTMCTHTb, 4TO BbIXOZbI HEMPeAebHbIX YIIeBOJOPpOAOB B OMbITaX 
C MPpOMOTHPOCBaHHbIMA OOPa3llaMH KaTaJIM3aTOPOB MeHbIIe, YEM C HEMPOMOTHPO- 
BaHHbIMH (cM. TaOu. 1, 2) Kak yJIA PenTana, Tak H Wid WukKsorekcana. Mexkyy Tem, 
IIpH AeruA{pupOBaHHU TaKUX yIIeBOJOpOAOB, KOTOPHIe MO CBOeMYy CTPOeHHIO He 
CNOCOOHBI K peaKUHH JerHAPOUMKMM3alUU, WeOUHbIe JJIEMeHTI, 38 HCKJHOUe- 
HHe€M JUTHA, ABIAIOTCA MpomoTopams (!,°,4). [lo-BuqHMoMy, 3TO pasM4ve OOb- 
ACHACTCA TEM, YTO OOPasyioulHecA M3 reliTana H WHKMOreKcana HeNpeseububle 
yrieBoLopoAbl CaMH lIpeBpallaioTcsa B apOMAaTHKy C ele GosbIeH CKOpocTbWW. 
Bo3MoxKHO, YTO 3feCb MPOABIACTCA TakxKe BIMAHMe OOpPasyIOMUXcA pH apo- 
MaTH3al\HH BOMOpOfa WH apOMaTHKH Ha TEPMOJMHAMHMYeCKOe PaBHOBeCHe CHCTeM 
relitaH — reliten (°) HM WukKsorekcaH — WHKJoreKcen. Culeqyer npeqnosoxK uTb, 
4TO H B peaKIUMAX JerHApMpOBaHHA NapapuHos, cosepxallux He Gosee NATH aTO- 
MOB yrviepowa B HaHOoslee WIMHHOM WenH, Ha aJIIOMOXPOMOBOM KaTa/H3aTope 
INEJIOYHBIE OJICMCHTEI OKaXKYTCA MpOMOTOPaMH peakUHH erusporenusalun. 


VucTutyT opranuyeckoli xumun um. H. JI, 3enuucKoro Iloerymuso 
AkazlemunH HayK CCCP 13 IV 1959 


UMTHPOBAHHAS JIMATEPATYPA 


1 Catalisis, edit. by P. H. Emmett, N. Y., 1955, 3, 460; 4,1 550; R. C. Archi- 
bald, B.S. Greensfellder, Ind. and Eng. Chem., 37, 356 (1945). 2? M. HW. Po- 
seurapt, 5B. A. Kasauckui, JAH, 119, 716 (1958). 2 K. K. Kjejain biy,. inde 
gu See . < Ceev) ar A. JiiGapeKudk, Yen. xum., 27, 316 (1958). 

SSE op i amatu, uel, 33, 195 (1954). 6 H. WY. Jle i, 
AH CCCP, OXH, Ne 3 (1959). hg Rea 
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Jorasaye AKkayjemun wayr CCCP 
1959. Tom 126, Ne 4 


XHMHA 


jeH-koppecnonyent AH CCCP B. B. KOPUIAK, A. M. MOJIAKOBA, A. A. CAXAPOBA, 
yuleH-kKoppecnonyent AH CCCP A. Jl, NMETPOB wu E. A. UEPHDbILUEB 


NOJIUMEPH3AWHA BAHWJIAPOMATHYECKUX 
KPEMHWHOPrAHHYECKHX COEAMHEHMA 
MPOHSBOAHSIE a«-METHJICTHPOJIA 


Panee (') HaMH HCCJIeJOBalacb CNOCcOOHOCTh K MOJIHMepHsallun BUHMAapo- 


THYeCCKHUX KPCMHHMOPraHnyeckuX COeAMHEHHH, COepKalll\uX KpeMHUH y yrvie- 
pa OeH30JIbHOrTO Apa: 


RsSi< > CH=CHp u RsSi ally ‘ = CH; R =C2H;; CH, 


CHs 


oWIH MOJTY4eHbI CTeCKJIOBHJHbIe€ NOJIMMepbl HW ONpeleJIeCHbI HX cBolicTBa. B HacTos- 
Li cooOmleHHu ONHCbIBAeTCH NOJMMeph3salvvA BUHWJIaPpOMaTH4eCCKHX coejly- 
HHH, MIPOH3BOJHbIX 4-MeTHJICTHPOa, COMep*Kallux KpeMHHH, CBA3AHHbIH C 6eH- 
| oom ANPOM Yepe3 MeTHJICHOBbIe TpPyIiIibl: 

we hue 
RsSi (CHa), <> C = CHe 


| Ri== Goi Chie 
CH, 


IlomumMepu3alua Mpopoyusacb No RaBmeHuem 6000 aTM. B NpucyTcTBHH 
HMUMaTOpOB paMKaJIbHOrO THIa: MHHWTpHsa a30H30MaCJIAHOH KHCJIOTHI 
AJJH) wu mepekucu TpetusHoro 6yrusa (TITB). pu cpaprnenuu pesymbTaToB 
OuIMMepH3alnn, mpoBeyenHoh c AJIH u IITB, oxaspipaetcs, uro B MpH- 
YTCTBHM JMHUTPHsa a80M“30MaCJIAHOM KHCJOTHI pH KOHWeHTpanun 0,3 Mom. % 
| Temnepatype 80° nowuMep oOpa3yetTca c OoubilieH CKOpOCTbIO, 4eM B CJy- 


| (aon ina! 


TlomuMepv3aiua a-mMeTHJICTHpoma M ero NpOM3BOAHEIX NOX WaBsenuem 6000 atm 
B TeyeHne 6 yacoB 


YcnOBuAa NOMUMepusalHH 
Bprxog no- 
> Mouomep eee Shae rb 
ES : WH MLLH- aaa T-pa, % Nepe Ma/r 
AY MHULL., °C 
MOT. % 
4 CsHsC(CH3) = CHe AH Ons 80 82,0 1,43 
2 CgHsC(CHs3) = CHe IITB 1,0 130 68,0 0,52 
3 (CeH5)3SiCsHaC (CHs3) = CHa AIH O73 80 64,0 0,92 
ae (CgH5)3 SiCgHaC (CH3) = CHe TITB ‘NA(0) 120 49,4 0,46 
5 (CeHs5)sSiCH2CgHaC (CHs) = CHe AH 0,3 80 42,9 0,76 
6 (C2Hs)sSiCHsCgHaC (CHs) = CHe IITB lO) 130 14,6 0,30 
% (C2Hs5)sSiCHeCH2CgHaC (CHs)=CHe AH 0,3 80 34,9 ; 0,72 
8 (C2H5)3SiCH2CH2CsHaC(CHs) =CHe IITB 1,0 130 17,6 0,26 
9 (CHg)3SiCH»2CgH4C(CHs) = CHe TITB TACO) 130 20,0 0,41 


* Onbit mpopogusca pauee (2). 
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yae IIPHMeHeHHA TepeKucH TpeTHuHOrO OyTHIa C KOHWeHTpaluelH | mou.‘ 
mupu 130°. CoorBercTBeHHO B HepBOM culyyae TowyyaloTCA NOJMMepbl C Gos 
IUMM MOJIEKYJAPHbIM BecOM (cM. TaOu. 1). ConocTaBjeHHe BeJIHUHH xapa 
TePHCTHYECKOM BASKOCTH TOJIMMePOB o&-MeTHJICTHPOJIa H KPeCMHHH3aMeLLeHHI 


48 
{7 
16 
{5 
4 Puc. 1. XapaktTepucTuyeckaxH BA3KOCTb MO 
ji MepoB, MOJIyueHHbIX B UpucytTcTBHH AJTH: J 
43 momuMep CgHsC(CHs) = CH2; 2 — nomuM 
12 (C2H5)3SiCgHaC(CHs) = CHe; 3 — nomMM 
? (C2H5)3SiCH2CgHaC(CHs) = CHz; 4 — non 
Se if Mep (C2H5)3SiCH2CH2CgHaC(CHs3) = CHe 
40 
09 
18 
Uf 


x 


&-MCTHJICTHPOJIOB MOKa3blBaeT, UTO BA3KOCTb YMeHbilaeTCA TIpH Tepexo 
oT lomuMepa C,H;,C =CH, k nomumepy (C,H;)3SiC,H,C = CH, u gan 
| | 
CH; GHs 
K llomumMepamM (C.H;), Si; CH,CgH,C = CH, u (C,H;)3 SiCH,CH.C,H,C = Ge 
| 


CHys CHg 
B TakoM xe NOpsKe H3MeHAIOTCA TePMOMeXaHHYeCKHe CBOHCTBAa TOJHMMep: 
(cM. puc. 2). 


% 


5D 100 150 200 250° 


4 ____ 


Puc. 2. 3aBucuMocTb yesbopMalHu oT TeMMepaTypbl JA 
oO6pasloB MOMMepoB, MoyueHHEIX B Mpucytcrsuu AJIH: 


J — nomumep (CeH5)sSiCH 2CH2CgHaC(CHs) = CHe; 
2 — nojwumMep (C2H5)sSisCH2CgHaC(CHs) = CHa; 3 — 
nomuMep (C2Hs5)sSiCgHaC(CH3) = CHe; 4— TOIMMep 


CsgH;C(CHs) = CHe 


IKCNeEPUMEHTANbHAA YacTD 


Moxomepbl CHHTe3HpoBaHbI paspaOoTaHHbIM HAMM CMOCO6oM (°). Mcesneqos 
HME TOAMMePUSallu MpOBOAMOCh B ONMCAHHEIX paHee CTranapTHbIX YCOB 
ax (*). Koumuectso 3arpykaBulerocs B KaxKLy10 aMMlyJIy MOHOMepa cocTaBuIAd 
OKOJIO 2 MII. Tpoxyxtet NOJMMepH3allHu OYWIaHCb MepeocaxkeHHeM 43 6eH3 
7a B MCTHOBEIM CIIMPT H CYIMMJIMCb JO NocrosHHOrO Beca mpu 50° B BakyyM 
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louIMMepbl, MOJLYYeCHHbIe B MpPHCYTCTBHM JHHUTPHJIa a8OH3O0MAaCJIAHOM KHCJIOTHI, 
‘pefcTaBAIoT COON Nocwle NepeocaxkeHuA OeclBeTHble BOJIOKHUCTHIe MpOkyK- 
(bl, TOTa KaK MOJIMMepbl, NOJLYYeHHbIe C NepeKHCbIO TpeTHIHOTO GyTHIa, HMEIOT 
‘4, Mopomkos. Bee nomuMepbI NO 97IeMeHTapHOMy cocTaBy oTBeYaloT (bopMyvie 
OHOMepa.; 

Pe3yJIbTaTbI OMbITOB NO AaBeHHeM MpekcTaBJeHbI B TAO. 1. B onpirax [6e3 
PHMeHeHHA aBJIeHHA OOpa3s0BaHHA NOHMepa He HaOsIOJasocb. OTHOCHTEeJIb- 
axl BASKOCTb MOJIMMePpOB H3MepAacb C MOMOILbIO BUCKO3HMeTpa OcTBaJiblla 
ipn 20° B Touyoue. 3 nomy4eHHbIxX JaHHbIX rpacdbwuecKM Haxofusach XapakTe- 
yuCTHYeCKaA BA3KOCTb (puc. 1). TepmMomexaHuueckHve KpHBbIe oOmpeseseHbl 
rmoco6om (') H npescTaBeHbI Ha puc. 2. 


Vucturyt smementoopranuyeckux coequnennii Mocrynuao 
Axkajlemuw HayK CCCP 5 IV 1959 


UnctutyT opraHuueckoi xumuu uM. H. JJ. SenuucKkoro 
Axajlemuu Hayk CCCP 


UWHMTHPOBAHHAA JIMTEPATYPA 


i. Bia Kiorp malk, “A MS ll own sk ote ay Ay AVGraxiaip.o Bray AQ GM ert prop 
wHE. A. Gepxupures, JAH, 119, 282 (1958). #2 A.W. erpos, E. A. Gepuue- 
times, H. Fr. TomermKo 8s a, Visa. AH CCCP, OXH (1959). 


Jloxzxagn Axkagemun nwayr CCCP 
1959. Tom 126, N 4 


XHMHA 


H. C. HAMETKHH, akayemnk A. B. TOMUHEB, T. H. YWEPHbILIEBA 
uv Jl. H. KAPTAWIEBA 


V3Y4EHHE PEAKUMM NMPHCOEXMHEHWA TPHAJIKOKCHCHJIAHOB 
K OJIE®PHHAM 


Jlo HacTosllero BPeMeHH B JIMTepaTYPe OTCYTCTBOBAJIH COOOLLEHHA O BOSMOXK- 
‘HOCTH MIPHCOeAMHEHHA TpHaMKOKCHCHaHOB K ovle@uHaM. B 1948 r. Iluerpysa, 
3ommep u Yurtmop (7) cooOmMid, YTO TPHSTOKCHCHIaH He MpHcoequHAeTCA 
K okTeHy-1 pH HHHUMMPOBaHHH peaKIHH MepeKMChiO alleTHa HW ysbTpaduoue- 
“TOBbIM OOsly4eHHem. EHHCTBeHHOe yKa3aHHe Ha BO3MO2%KHOCTb MpHcoesMHeHHA 
TPHSTOKCHCHIaHa K OsesuHaM MMeeTCA B MaTenTe Baruepa (?). 


2 alOwl Wieden: 


T-pa Kun. 
20 20 
CoeyuHenue np dy 
oC MM pT. 
ore 
HSi (OC2Hs)3 135) U3D 1,3788 
HSi (u30-OC3H7)3 104 4 41,4025 | 0,8565 
HSi (OC,Hp)s3 105 2: 41,4100 | 0,8881 
HSi (Btop.-OC4H9)3 70 Z 1,4030 | 0,8668 
HSi (u30-OC,Hg9)3 103 3 1, 4025 0,8661 
HSi (rpet.-OC,Ho)a 186 759 1, 3969 0, 8547 


Ha npuMepax B3aHMOfeHCTBUA TPHSTOKCHCHIaHa, TPHH30NpoMoKcucusaHa 
TpHOyTOKcHcHIaHa, TpH(BTOp.-OyTOKcH)cHIaHa uw Tpu(TpeT.-GyToKcn)cuaHe 
C HOHeHOM-! u feleHoM-1 B NpPHCyTCTBHM MWaTHHOXJIOPUCTOBOMOpOAHOK KUCIO 
TbI H MWlaTHHHPOBaHHOrO YIIA HaMH MOKa3aHa BO3MOXKHOCTh MpHcoelHHeHHs 


TpHaJIKOKCHCHIaHOB K OJlecpHHaM. Wu3NKO-XHMMYeCKHe CBOMCTBa HCXO]HbI 
TpHaJIKOKCHCHJaHOB MIpHBeeHb! B Tau. |. 


 a-Onnwi ame 


MRp T-pa Kun 

CoequHenua a ae er 

Hatin. BbIUHC. Xe MM 

Piecr 
*CgHy7 Si (Tpet.-OC,He)3 1,4200 | 0,8650 | 105,50 | 106,64 | 138—140 2 18,2 
CsHy7 Si (OC,Hp)5 1,4280 | 0,8747 | 106,10 | 106,64 | 455158 | 2 | 24,4 
CoH Si (OC2Hs)s 1,44182|0,8827 | 82,87] 83,49] 130-133 | 2 | 41,4 
CoHig Si (430-OC3H7)s - 1,4180|0,8589 | 97,57] 97,38 | 128-132 | 2 | 64,9 
"CoH 9 Si (OC4Ho9)s 14298 |.0,8715 | 441,01 | 444.27 | 464—466 7 43,4 
CpgHj9 Si (BTOp.-OC4He)3 1,4270|0,8744 | 144,00 | 144,27 | 160—164 2 37 ,é 
CoHyg Si (tpet.-OC4Hs)a 41,4232 |0,8622 | 110,70 | 111,27 | 150-155 | 2 | 42,5 
CoHig Si (¥30-OCgHe)3° 1,4260|0,8700 | 110,40 | 144,27 | 175-176 | 4 | 78,2 
CyoHe1 Si (OCyH9)s3 1,4315 | 0,8740 | 115,30 | 115,90 | 4167—170 2 65,2 
CipHa1 Si (tpet.~OCyHo)s 1,4260|0,8589 | 415,90 | 115,90 | 160-164 | 2 | 208 


“794 


_IpHcoeqMHeHve TpHaIKOKCHCHJIAHOB K OJle:pHHaM B MPpHCyTCTBHM MlaTHHO- 
)PUCTOBOAOPOAHON KUCMOTHI MpoxosMso c 30—40% Bpixogamu. IIpucoenuue- 
| Tpu(Tper.-OyToKcu)culaHa, BCJeCTBHe MpocTpancTBeHHBIX TpylHocTeli, 
rekaslo C Oomee HH3KHMH BbIxoZamu (12%). DusuKko-xumuyeckue cBOlicTBa 
\YACHHDIX AJIKHJITPHasIKOKCHCHIaHOB MpHBeseHbI B Tabs. 2. 
LeHsiTpHOyTOKcucHJIaH WM HOHMJITPHM3OMponoKcucHaH ObWIH MOyUeHbI 
Ke BCTPeYHbIM CHHT€30M — B3aHMOJeHCTBHEM HOHHJITPUXJIOpcHlanHa U Je- 
IpHXJOPCHaHa C COOTBETCTBYIOLWIMMH CIMpTaMu: 


CyoH21SiClg a 3C4HygOH i Cy0H21Si(OC4Hs)3, 
CyHigSiClg + 3u30-CsH,OH —> CyHiSi ( 130-OC3Hy)s. 


i 
) 
| 
| 
| 


Kak BHUHO W3 WaHHbIx Ta6m. 3, cdusHKO-XHMMUECKHe CBOLCTBAa a KWJITpHas- 
CMCHJIAHOB, NOJIYYCHHbIX NPHCOeAMHEHHeEM TPHaJIKOKCHCHaHOB K OslecpHHaM 


ha Own aie 


TlpoqyktT, nonyuenHpil B3aumozei- 
CTBHEM AJIKHJITPpUXNOpCHMaHa CO 
CIHUpTOM 


DOAYKT, NOMYYeHHbIK peaKWH- 
| el mpucoexuHeHHA 


®Mopmyaa 
A T-pa abe T-pa Kun. z | 0 
°C pr. ae °C aura | / 
59 89 4232 =132)) 22 CoH Si (430-OC3H7) 1314—133 2 F ,4182) 0,8594 
10|1 4315) 167—171| 2 CyoHe1 Si (OCgHs)3 172—173 De 4, 4320) 0,87 


¢ AUMOMCHCTBHEM aJIKHJITPHXJIOPCHIaHOB Co CMMpTaMH, HewTH4HI. Ilo orHo- 
JIbHbIM MHTCHCHBHOCTAM M YMCY JIMHMM CMeKTpbl KOMOMHALMOHHOFO pac- 
HMA, CHATHIC JIA HOHMJITPHH3OMponoKcHcHaHa, MOyyeHHOrO OOOHMH co 
IMM, TaK2ke HJeHTHYHBI. 

paBHeHve (U3HKO-XHMHYECKHX CBOHCTB HM CNEKTPOB WIA aI KHJITPpHaJIKOKCH- 
RHOB, IIOJIYYCHHbIX MIpHCoeAHHeHHeM MH BCTPeUHbIM CHHTE3OM, JaeT OCHOBaHHe 
faTb, TO IIpHCoequHeHHe UeT BONpeKH mpaBusy MapKoBHuKosa: 


HSi (OAlk)s3 + RCH = CH,—» RCH, — CH — Si (OAIk)s. 


QIKCHePHMEeHTANIbHAA YACTH 


IIpucoeQRuHeHHe TPHAAKOKCHCHAAHOB K ONeOuU- 
aS eUIpueyTCTBuuU NiatTuHOx 10) .C TO BOL O pion: 
Mm KucaoTb. ITIpucoequnenve TpvasKOKCHCHJIaHOB K OJle~HHaM Mpo- 
fulocb B TpexropsloH KomGe, CHaO%KeHHOM MellaIKOH, OOPaTHbIM XOJIOMMJIb- 
M, TEPMOMETPOM HM KallesIbHOM BopoHKoH. B KouOy 3arpyxKau OlepuH U 
) pacTBOp WIaTHHOXJIOPHCTOBOJOPOAHOH KHCJIOTbI B aOCOJIIOTHOM HM30Mponu- 
bM ciupte. Cmecb HarpeBasu Jo 60°, 3aTeM M3 KalleJIbHOM BOPOHKH M0 Kall- 
mpu6aBianM TpuamKOKCUCHIaH, C TaKOli CKOPOCTbIO, YTOOLI TeMMepaTypa 
m6e He mupeBbiamta 100—110°. Satem peakuwMoHHy!0 CMeCb HarpeBaJu 
yenue 2—3 uac. mpu 100° u nozBeprain cbpakUMOHMpoBaHuio. 
PHaNKOKCHCHJAaHbI MOyuaH B3aNMOeHcTBHeM TPHXJIOpPCHaHa C COOT- 
TBYIOUIMMH CIMpTaMH B pacTBOpe TOJyOJla B IpMCyTCTBHH THpHAMHa. 
H-1, HoHeH-1 uw felleH-1 Nodyu4asH MMpPOJIM30M COOTBETCTBYIOULUX alleTaTOB 
450—500°, no cBoHM CBOHCTBaM OHM COOTBETCTBOBAJIM JIMTepaTyPHbIM aH- 


OHHATpHsTOKCHCHAAH. M3 24,6 r (0,15 Monel) TpusToKcucu- 
, 18,9 r (0,15 momev) HoHeHa-1 u 1 Mi pacTBopa MaTHHOXJIOPHCTOBO]O- 
Oli KHCJOTHI Obwio MomyyeHo 18 r (BEIxoy 41,4%) HOHMJITpHSTOKCHCHAaHa; 
un. 130—133° npu 2 mM. 
Haiigeno %: C 62,31; 62,16; H 11,90; 11,85 
CisHgsSiO3. Baranceno %: C 62,03; H 411,80 
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HonHuaATPU(MSONPONOKCH)CHAAH. U3 30,9 r (0,15 mous) T 
(uzonponoxcu)cuana, 18,9 r (0,15 mone) HoneHa-| u 1 Ma pacTBopa 1u1aTH 
XJIOPUCTOBOLOPOLHOH KUCOTHI ObWIO HOMyYeHO 32,3 (BEIXO 64,9%) HOHMJIT 
(uzomponoKen)cusana; T. Kum. 128—132° npn 2 MM. 

Haiieno %: C 65,23; 65,16; H 12,23; 12,16 
CigHaoSiO3. Brraucneno %: C 65,02; a2 en 


CnekTp KOMOMHaLMOHHOTO pacceAHHA COsepwa CieMyIOUlMe YaCTOTHI: 432 
454(1), 624(0), 635(1), 663(3), 871(4—5), 888(3), 894(3), 935(2), 1009(0), 1018 
1029(1), 1039(1), 1080(1), 1131(1), 1176(2), 1205(1), 1214(0), 12260), 1308 
1333(2), 1356(3), 1387(0), 1412(0), 1450(110). 

Houuatpuo6ytrokcucuaan. M337,2r (0,15 momet) tpHOyToK 
cuuiana, 18,9 r (0,15 Momeit) HoHeHa-1 u 1 Mi pacrBopa NMwaTHHOXJIOPHCTOBC 
PpoXHOH KucMOTHI ObWIO MoyyeHo 24,2 r (BEIxog 43,1 %) HOHMITpHOYTOKCHCH 
Ha; T. Kum. 164—166° npu 2 mM. 

Hatigeno %: C 67,42; 67,31; H 12,42; 12,44 
CoiH4eSiOg. BaruucaeHo %: C 67,33; lel Ake 


Houuatpu(pTop.6ytokcu)cuaan. M3 37,2 r (0,15 mon 
Tpu(BTop.-6yTokcu)cuiaHa, 18,9 r (0,15 momew) HoHeHa-1 u 1 ma pacrB 
IIaTHHOXJIOPHCTOBOLOPOAHOH KUCOTHI ObIWIO MowyyeHo 21,2 r (BEIxog 37,8 
HOHHJITpH(BTOp.-6yToKcH)cusiaHa; T. Kun. 160—164 npn 2 mM. 


Hatineno %: C 67,01; 66,92; H 12,23; 12,31 
CorHagSiO3. BpraucmeHo %: C 67,33; inl 4174 Sy 


Honuatpuuso06ytroKkcu)cuaan. U3 37,2 (0,15 monet) T 
us06yTokcucnuiana, 18,9 r (0,15 Mowe) HoHeHa-1 un 1 Ma pacTBopa NWlaTHHOX 
PHCTOBOJOpOAHOK KUCJOTHI Obwio Moy4eHo 44 r (BbIxo_ 78,4 %) HOHMITPHU3C 
TOKCHCHIaHa; T. Kum. 175—176° npu 4 uM. 


Hatimeno 9%: ©6751; 67,44> Eh 12°36) 42739 
CoiHggSiO3. BrruucneHo %: C 67,33; HA dt 


? 


Houunatpu(rpert.6ytokcu) cuaan. M3 37,2 r (0,15 mop 
Tpu(Tper.-OyToken)cuiaHa, 18,9 r (0,15 mowei) HoHeHa-1 u 1 ma pactTB 
MJ1aTHHOXJIOPHCTOBOJOPOMHOH KUHCJIOTHI ObWIO TomyyeHo 7 Yr (BbIxon 12,£ 
HOHMJITpH(Tper.-OyToKcn)cuiana; T. Kun. 150—155° npu 2 mu 


Hatigeno %: C 67,33; 67,39; H 12,30; 12,38 
Cx1HasSiO3 Brrancneno %: C 67,33; dsl easy! 


Aeuunatpu6ytokcencunaan. V3 25 r (0,1 mona) rpu6yrtor 
culaHa H 15 r (0,1 mous) Jemena-1 uv 1 ma pactBopa niaTHHOXJOpACTOBOLO] 
HOH KMCJOTH Obwio NowyyeHo 23 r (BEIxon 61,5%) NeuunTpudyToKcucHae 
T. Kun. np 167—171° npu 2 mu. 


Haitimeno % C 68,07; 67,94; H 12,39; 12,43 
CygHagSiO3. Baruncneno % C 68,01; Bei 45 


Meuuatrpurper.6ytokcu)cuaan. Us 25 r (0,1 mona) 
(rper.-OyToKcn)culaHa 28 r (0,2 Mousa) Aewena-1 u 1 ma pactBopa MaTHHO} 
PUCTOBOAOPOAHOU KUCJOTEI Obwio NowyyeHo 24 r (BEIXxo_ 65%) enuaTpu(TE 
OyToKcn)cuiaHa; T. Kun. 160—162° npn 2 mm. 


Haliqeno %: C 68,00; 68,02; H 12,54; 12,40 
CooHasSiO3. Brrancneno %: C 68 , 01; IS eas) 


? 


6) IIpucoequuHenHue TpHaNKOKCHCHAAaAHOB K One 
HaM BNPpHCYTCTBHH M1aTHHHpPOBaHHOro yraa. I 
CoeMHeHHe TpHOYTOKCHCHJaHOB K Oule(HHaM B T1pucyTCTBH IlJlaTH HH poBaH} 
YIvId MPOH3BOAMJIOCh B 3alaAHHbIX CTCKJIAHHBIX aMMYJaX, KOTOPble MoMelllad 
B eub Tua Kappyuca u HarpeBaanch Jo 200° B reuennue 20 uac. 
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POKTHATpHOytToKkcucuaan. V3 25r (0,1 mona) tpu6yroxcucu- 
fia 4 22 r (0,2 Moms) oxrena-1 B npucyrcrsun 0,1 r naaTHHUpoBaHHoro yrisA 
yo Toly4eHo 7,6 r (BEIxon 21,1%) oxTusTpuOyroKcucuyiaHa. T. Kun. 160— 
° mpH 2 MM. 
Haligeno %: C 66,47; 67,32; H 12,40; 12,46 
CeoH44SiO3. Brruucsieno %: C 66,60; H 42,30 


WOKTuHaATpHU(Tpert.-6ytTokcu)cuaan. V3 12,51 rpu(rper.-6yr 
| u)cuiaHa 11,2r (0,1 Moma) oxren-1 Bupucyrtcersuu 0,1 r niaTHaupoBaHHoro 
Ka OblIo NoyyeHo 3,3 Tr (BEIXo_ 18,2%) oKkruarpu(rper.-6yroKcu)cumaHa; 
#Kun. 138—140° npu 2 ma. 
| Hatigeno %: C 65,92; 65,95; H 12,36; 12,30 
CooHgaSiOg. Berancneno %: C 65,60; mM 12),30 


eluatTpuOytokcucuaan. M325 r (0,1 mona) rpu6ytoxcucu- 
Ha, 28r (0,2 Moms) temena-1 B mpucyrcrBuu 0,1 r niarHHupoBaHHoro yrast 
mo Mouyueno 25 r (BbIXoA 65,2%) euusmTpH6yroKcucnaHa, T. Kun. 167— 
° mpu 2 mM. 
Hatizeno %: C 67,87; 67,85; H 12,45; 12,54 
CoeHagSiOs. Brruucmeno %: C 68,01; 42 45 


Meuuatrpu(rpet-Oytokcucuanan. Ms 25 r (0,1 mona) Tpu- 
/POKcucHaHa, 28 r (0,2 Moma) genena-1, B mpucyrcrBun 0,1 r miaTHuHupo- 
MIHOFO yIvid ObWIO NoyueHo!7 r (BEIxoX 18%) enumTpu(Tper.-6yToKcu)cuua- 
; T. kun. 160—164° npu 2 uM. 


Hatigeno %: C 68,09; 67,94; H 12,43; 12,54 
CooHygSiO3. Brraucneno %: C 68,01; ADA 


|B) TlonyueHune anKHYATPHAAKOKCHCHMAHOB B3aH- 
OMC€HCTBHEMAAKHATPHUXNOPCHAAHOBCOCHUpPTaMH. 
|} HonuaATpHMs0nponokcu)cu aan. K cmecu 150 Ma Tyazyoua, 
| r nupugquna u 92 r (0,51 Mone) a6comoTHoro UsOMponMoBoro cnupTa mp 
\pemetimBaHun mpHOaBantu 47 r (0,17 Monet) HonMITpuxsopcumaHa. OcafoK 
iPuIbTPOBLIBaIM. DpakiMoHMpOBaHueM XHAKOTO MPOLyKTa Obwlo MOJyYeHo 
|,5 r (BpIxof 56,2%), HOHMITpH(H30nponoKcn)cuiana. T. kun. 131—133° 
Mu 2 MM. 


Hatigeno %: C 65,20; 65,11; H 12,09; 12,34 
CigHgoSiOs. BrruncaeHo %: C 65,02; IG a a 

| CnekTp KOMOMHAUMOHHOTO pacceAHHA cCosepxKasl cCleLyIoulMe YacTOTHI: 
m~*); 432(1); 454(1); 624(0); 635(1); 663(3); 871(4—5), 883(3), 894(3), 935(2); 
)009(0), 1018(0), 1029(1), 1039(1), 1080(1), 1131(1), 1176(2), 1205(1), 1241(0), 
P26(0), 1308(3), 1333(2), 1356(3), 1387(0), 1412(0), 1450 u (10).- 
~Meuunatpu6ytrokceucuaan. K l00matTonyona, 48 r nupuanua, 
)2 r (0,45 Monel) aOcomtoTHOro OyTHJIOBOrO CNUpTa IIpH WepeMelIMBaHHN TIpH- 
aBamM 42 r (0,15 Monel) RequITpUXMopcHaHa*.OcayoK OTPUJbTPOBHIBAaIH. 
pakUMOHUpoBaHHeM ObuIO TosmyueHo 39 r (BEIxoy 66,2%) HeunTpHOyToKcucu- 
aHa. T. kum. 172—173 np 2 MM. 


Hatineno %: C 67,94; 67,99; H 12,31; 12,28 


CooHagSiO3. Bprrunceno %: C 68,01; e245 
Uncrutyr uedprexumuyeckoro cHHTe3a Tlocrymuuio 
Axajemun HayK CCCP 3 IV 1959 


UMTMPOBAHHAS JIATEPATYPA 
PEeePile tis ale Somiunen H Wohi tio me, Je Aim. Chem. ooc., 10.454 


948). *G. Wagner, Am. nat., 2 637 737; Chem. Abstr. 8254 (1954). 3 A.B. Ton- 
ues,H.C.Hamerkun, T. YW. Uepuumesa, JAH, 115, 326 (1957). 


* HonMITpHXJOpCHaH H JeWHATPHXNOpCHan NOMyuaMch MpHcoeqHHeEHHAMM TPHXJOP- 
laa K HOHeHy-1 u jeweny-1 cooTBeTcTBeHHO, B IIpHcyTCTBHH MepeKucn Gexsouwa (°%). 
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NMoxraagn Akagemunu nayx CCCP 
1959. Tom 126, Ne 4 


C. P. CEPrMEHKO, JI. H. KBHTKOBCKHM u Aa. A. TIETPOB 


BSASKOCTHO-TEMMEPATYPHbIE CBOMCTBA 
BbICOKOMOJIEK YJIAPHbIX YIFJIEBOOPOAOB CMEWIAHHOLO | 
CTPOEHHS | 


(ITpedcmaeaexo axademuxom A. A. Baaandunom 13 I 1959) 


BsxskocTb yreBOLOPpOOB ABJIAeTCA OJHUM H3 OCHOBHBbIX CBOHCTB, HeIOcpi 
CTBCHHO CBA3AHHbIX C HX XMMHYeECKHM cTpoeHHeM. H3MeHeHHe BASKOCTH C TE 
MepaTypOW ABJIAeTCA OMHOM U3 BaxKHEHWIMX XapaKTePHCTHK SKCIWyaTalMoHH: 
Ka¥eCTB CMA30UHBIX Mace. Kak nNoka3aJiIM MCCJIeMOBaHHA NOCeHAX JeT, yu 
BOJOPOAb, BXOAAULHe B COCTAB MaCJIAHbIX (PpakWHH He*TH, HMeIOT CMeLIAaHE 
(rHOpusHoe) cTpoeHue. IlostoMy BeCcbMa CYLeCTBeHHO MpOCJeqHTb 3aBHCHMOC 
BASKOCTH OT CTPOCHHA MOJIEKYJIbI yrvIeBOOpOAOB TaKoro CMellaHHOrO Tua 
B OCOOe€HHOCTH XapakTep H3M€HEHHA BASKOCTHO-TeMMepaTYPHbIX CBOHCTB. Bur 
HHe Oe€H8OJIbHOrO WHKJIOreKCHIbHOTO HM UWHKJIOMNeHTHJIbHOTO KOJIel, BBeCHH! 
B lapaPHHOBYy!O Web, Ha BASKOCTHO-TeMNepaTypHble CBOMCTBa yIrueBOJOpor 
usyual Ulucesep ¢ corpyquukamu (?, *). YraeBoqoposp %xe HanOoulee CO%KH 
CMeWIaHHOH CTPYKTYPbI, CofepKalive B MOJIeKyJle HapsAy c MapacdHHOBBIN 
WHKJONapaHHOBbIMH H Oe€H3O0JIbHbIMH CTPYKTYPHbIMM 3BEHbAMH KOHJCHCHPOBe 
Hble Aj[pa THMa HadTauna, TeTpasiMHa W JeKaslMHa, JO HacTOAlero Bpeme 
MOUTH He u3y4yamucb. Mexyy TeM B BbICOKOMOJIeKYJAPHOH YacTu HedTeli cone 
XKHTCA SHAYHTebHOe KOJIMYECTBO CTPyKTYp TaKoro THMA. 

IleuIbiO HaCTOAUeH PpaOoTh! ABJIAOCb BOCHOMHeHHe STOTO Mpodena. IIpex 
BCero OblWIO HEOOXOJMMO BbISCHHTb BJIHAHMe KOJIMYeCTBA Ha*PTasIMHOBbIX, [ek 
JIMHOBbIX H TeTPaJIMHOBbIX Aflep H HX NOMOKeHUA B MOMeKYJe Ha BASKOCTH 


TaOauna 7 
CpovicTBa U CTPYKTYPbl BHOBb CHHT€3HPOBaHHbIX YIrJIEBOZOPO0OB 
5 Oa 
‘s oa 
: Eee py 
a Yraesonzopox = no a“® Cnoco6 nomyuenua 
cA ae 
3 iS} 
1 11-(a%)-HaTHaAqOKO3aH 246 |1,5200]0,9005) Hs naypouadrona u maruuli6pomazenusa 
2 11-(a)-TeTparuzponHadbTusfoKo3an 218 |1,4946/0,8857| TugpupoBaHuem yraepogopoma Ne 4 
3 11-(a)-mekaruyqpouadtumgoKosan 220 |1,4775|0,8668| TugpupoBaHuem yraepogopoga Ne 4 
4 1-henus-3-(a)-Hadbrusrekcayzekau 220 |1,5550/0,9568) Ws mupucronamToHa u MarHuhopraHHyeck 
coeqHHeHHA Opomuya CHU STU IOB 


cuupta 


5 1-d@enus-3-(~)-TeTparugzponadbrua- 220 |4,5250)0,9380] Tugapuposanuem yrsespofzopona Ne & 
rekcayekaH 


6 | 1-henua-3-(8)-nexarugponadbrua- 218 }4,5090/0,9158) Ws mupuctogexarugponadrona u MarHue 
rekcaylekKaH PaHHYeCKOrCe COeAHHEHHA Opomuza dex 
STHOBOFO cnupTa 
7 1-tyuKnoreKcuua-3-(a)-HadTua- 223 |4,5348/0,9313] Hs MupuctonadToHa H MarHuliopranuyeck 
rekcaylekaH cOe¢AMHEHHA OpoMuya reKkcaruApoden 
9THMOBOrO cnupTa 
8 1-QuKsoreKkcuJi-3-(a«)-qeKaruypo- 225 |41,5040]0,9105| rugpupopanuem yraesonzopoma Ne 4 


HadTusrekcageKkau 


cBolucTBa yrieBonopoga. Jia stot eu OblwIM CHHTe3HPOBaHbI yrweBoxopo 
pala HadpTalMHa, TeTpaiuva HW LeKamMHa, CofepxKallue B MomeKyse 32 yraepe 
HbIX aTOMa. CBOHCTBAa BHOBb CHHTe3HPOBaHHbIX YIvieBOMOpOOB MpuBese 
B Tad. 1; panee CHHTeSHpOBaHHble yruleBoMoposbl y2Ke ObwiH onMcaHDt (2). 
798 


Yraeposoposbl Obwiu CHHTesHpoBaHbI mo Tpunpapy. Tpernunpie comprar 
erHApaTHpOBaHCb Ha YHCTOH OKUCbIO aJIIOMHHHA pH Temmepatype 320° C 
OCTaTOUHOM JaBJIeHHH B | MM prt. cr. [uApupoBaHve MpOBOAMIOCh B ABTOKMAaBe 
, IPHCYTCTBUM HUKeIA Penea u WaBsleHuu BoZOposa 150 arm. npu Temnepatype 
(O° 1A WBoHHOH cBxa3H uM 150° npu ruypupoBanuu HadraiMHOBOrO Ajlpa B eKa- 
(MHOBoe. TuspupoBanne HadTaiMHoBoro Apa B TeTpasHHOBOe MpOBOMMIOCb 
IIpHCyYTCTBHH MeQHOXPOMOBOTO KaTaJIM3aTopa pH TemMlepatype 200° nu jaB- 
ienuu 250 ar. Ilomyyenuble yrieBosoposbl pasroHsAsIMcb Ha ChelMabHOM Haca- 
OUHOH KOJIOHKe atppeKTHBHOCTbIO B 8 T.T. IpH OcTaTOUHOM JaBseHHH B O,3 MM 
T. CT. MH 3aTeM MOJBepralvcbh JONOMHUTeMbHOM OUMCTKe Ha OKHCH aJIIOMHHHA 
JM cuIMKarene. BsasKocTb BCeX YIuIeBOLOPONOB H3MepsAacb IIpH BOCbMH 
emnepaTypax B BUCKO3HMeTpe OcTBabAa—I lnnkeBuya C WMaMeTpOM KanuApa. 
’,0O—0,8 mM. Pes3yubTaTbl-H3MepeHHit MpescTaBseHbl B Tau. 2. 


TaOmuna 2 


KunemMatuyeckaa BA3SKOCTb IPH pasJMYHbIxX 
TemilepaTypax (B cCcT) 
YrueBpoxzopogr 
20° 40° 60° soe | 100° | 120° | 240° | 160° 
Or 
Cu Or SHO) GRC es) GS ecin “aS Gye 4) Zee 
‘Gig 
Gi=C=Cr 410455) ||) 937.405] 916202) | We82920) 15,59 0110 08,92) ue Coun Ono 
| 
CyoH, 
Ch=C=G; 111,0 | 38,65 | 16,45 | 9,06] 5,64 | 3,87 | 2,82 | 2,19 
| CH 
4 Cr C= ee 446,0 | 40,37 | 18,74! 10,31 | 6,33 | 4,36 | 3,48 | 2,39 
/ ec 
J oso: 
5 Ce 17910 1536 D5 Del COME Ove sult 2s 2m ants OM male aT 
CoH, 
ola 7 8 
6 C=C 3981 AI8,7 | 444.3 | 88,)4 | 47504 9,50 5,84 3, 98- 
Cy Hy 
eo: e 
iz Cree 7328 | 653,1 | 135,3 44,3 | 19,0 | 10,42 | 6,29 | 4,46 
Cy Hy: 
| erin : : 
8 EER 3200 | 398 98,5 | 34,2 | 46,43 | 9,39 | 5,91 | 4,40 
CoH, 
C—C,,H 
9 Cet td 5420 | 485 97,50 | 34,70 | 13,55 | 7,37 | 4,65 | 3,32 
Ne@aant 
— Ceokt 
10 C= piitels 4ogp | 450 97,20} 34,50 | 16,07 } 9,12 | 5,73 | 4,04 
SCHL, 
iM C= 636, =6=6 9833 | 398 93,10 | 33,05 | 15,40 | 8,48 | 5,44 | 3,82 
| Cull, CGH 
/12 CaC6-6 CSC 2786 335 ,0 83,60 | 33,00 | 16,12 9,55 6,22 4, Ad 
| | 
CH CyoFy, : 
48 Cr CO e— Cris 160,7 | 20,3 21,50 | 10,82 | 6,64 444 3,19 2,44 
CrpH, 9 ye 
14 Cute seo C Sey 338.8 92,8 84,8 16,60 9,26 5,86 4,04 3,02 
C,H, wee : bie 
15 Re Se Sis then te 997,90 | 93:4 | 24,2 | 12,13] 7,48 | 4,70 | 3,85 | 2,55 
Gioia - Pe, 5 Z es 
16 |. C=6=6— C= Giz 494.7 | 440 |. 22,85 | 41,70} .7,10 | 4,78 | 3,41 | 2,64 
C,H 
17 Cline zoe re 549,5 | 123,0 | 41,70 | 49,30 656. -\ 413. | 3,26 
| ’ e 3 Pod 
CioHa, Sua | 


3ameHa JecATH YIVIepOAHbIX aTOMOB MapaduHOBOH enw Ha HatpTaJIMHOBOe, 
reTpasIMHOBOe HIN WeKasIMHOBOe APO MpHBORHT K YBeIMYeHHIO BASKOCTH 
3 2—3 pasa; JambuHelillan 3aMeHa CleLYIOWIMX NeCATH YrlepOMHbIX ATOMOB Mapa- 
pHHOBOH elu COOTBETCTBEHHO Ha HacTravIMHOBOe, TETPaIMHOBOe HIM WeKaJIH HO- 
WS) 


BO SPO MPHBOAUT K pesKOMY YBeIMUeHMIO BASKOCTH MpuMepHO B 8—I7 pas 

Brejenne nadrasiMHOBbIx AJlep MPpHBOLHT K Oosee pesKOMY YBeJIMUeHHIO BAB: 
KOCTH, eM BBeeHHe JeKaJIMHOBbIX WIM TeTPaJIMHOBbIX Aep (puc. 1). Baeqenne 
B MOJeKYJY WapaduHoBoro yrueBosopoxa MepBoro Apa (HadTamMHOBOrO, TeT 
PaJIMHOBOFO HJM eKaJIMHOBOrO) MaJIO H3MeHAeT TeMMepaTyPHYIO KPHBYIO BA3KO- 
CTH, JIMIb B He3HauMTeIbHOM CTeNeHH YBeJIHYMBaA ee KPHBU3HY, B TO BPeMs 


CCMOKCH 0 


= 


Yao a 
| ce 
= é 
a 7 
iS 5 
S 4 

Jd 

A 

if 

4 


f iy, if Za 
Konuvecmbe koney. ———»— HonuyecmiGo Honey, ——-— 


Puce. 1. SapucHMocTb BA3KOCTH OT ucla Puc. 2. 3aBHuCHMOCTb OTHOWeHHA BA3KO- 
KOHJC€HCHPOBAHHbIX OHIMKJIMYeCKHX sAlep B CTEH V6q/Vip) OT YHCa KOHJeHCHPOBAaH- 
MowleKye. @— HadTamMHOBOe Apo; 6 — HbIX OHMMKIMUeCKHX ATep B MOwJeKywJe. 
TeTPaJIMHOBOe APO; 6 — MeKaNMHOBOe APO a — HadbTamuHoBoe Apo; 6 — TeTpaun- 


HOBOe APO; 6 — eKasIMHOBOe ATPO 


Kak BBeeHHe BTOPOrO Apa IPHBOANT K pe3KOMY YBeJIHUeHHIO KPHBH3HbI TeM- 
llepaTypHoH KpHBOH BxA3KOCTH. PesKoe yBesIH4YeHHe KPHBU3HbI TeMMepaTyPHO- 
BASKOCTHOH KPHBOH, OCOOeHHO B OOMACTH HU3KUX TeMilepaTyp, XapakTepHO Js 
yrvleBOOpOAOB, COMepKallHX B MOJleKyJie Ba HatbTasIMHOBbIX Apa (Tabs. 2. 
puc. 2). PacnouomxeHwe Ayep B MOJIeKyJI€ TaK2XKe OKa3bIBAeT BJIMAHHE Kak Hé 
BeJIMYHHY BASKOCTH, TaK HM Ha (OpMy TeMMepaTypHOM KpHBOH BxAsKOCTH. Hau. 
Ooslee BLICOKHE 3HAYCHHA BASKOCTH NOKA3bIBalOT Te CTPyYKTYPbl HCCeOBaHHbIA 
yrieBOOpOMOB, Y KOTOPHIX ABa HadTaJIMHOBbIX WIM JeKaJIMHOBBIX Apa Haxo- 
ATCA Y OAHOrO yrviepofuHoro atoma. IIpu ynaneHuu ofHOoro HatpTasIMHOBOrC 
WIM We€KaJIMHOBOrO Apa OT Apyroro BA3KOCTb YMeHbIlaeTCA, a TeMMepaTypHas 
KPHBad BASKOCTH Mp 9TOM CTaHOBUTCA Ooee NOMOroL (TaGu. 3). 


Taon1nm ase 


ONO 100° Y60° NoNeo ° Vane 
gO Yruesoxopogx Vet Re 60 NoN Yraenoqopon y mpu 100 60 
1.0. (BccT) Y400° ||"-0- (B ccT) Y400 

| 
C,H, ~ : Giget 
{ OOS 26, 40 9,62 || 4a CRG AR OA 19,0 7,18 
C,H, NCH 
C—CioH; C-c,H 
2 one re 13,55 7,20 |) 2a CCK re 16,07 6,05 
C—C,,H, C—Cy Hy, 
3 Sh oan et 15,10 6,15 || 3a COAG On 16,12 5,18 
| i 
CyoH, CyyH, C,H, Cy Hy, 
OcoOblt uHTepec MpefcTaBsIAIOT HAMMeHee U3YYeHHbIe, COAKHbIE THOPUHbI 


CTPYKTYPbI, COMep2KallNe OAHOBPeEMEHHO HadpTaJIMHOBble HIM JeKaIMHOBbIe ATP: 
M IMKJIOreKCaHOBble WIM Oe€H3OJIbHbIe KOJIbUa. OKa3aslocb, YTO MPH BBeTeHHI 
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NoNo wae 68> 
aw. Yraesoxopor 
Cro 
4 Cie 
The. 
2 Cy—C—Ciy 
| 
CoH, 
3 CoC re= Lon: 
| 
C,H, 
4 GUC ICL CLG Hy. 
| 
C,H, 
5 San; 8 
Cy Hy, 
6 COO GOH 
| 
CyoHi, 
7 CC GCC F., 
| 
Crola, 


VuctutyT reosoruu wu paspa6oTKH 
ToplouHX HCKoOMaeMbIX 
Axkaylemunu HaykK CCCP 


MKJOFeKCHJIbHOTO KOJIbIa B MOJIEKYJY, COMepKallly10 OLHO HadTasMHOBOe un 
eKaJIMHOBOe ALPO, BASKOCTh YBeMYMBaAeTCA 3HAUMTeENbHO OoubUIe, veM Tipu 
BeJleHHH OeH3OMbHOrO Kouba (Tabu. 4). pu stom yBenuunpaeres TakxKe u Kpu- 
sM3Ha TeMIepaTyPHOH KPHBOH BASKOCTH. 


Ta6Oaunua 4 


* 3a 100% mpuHaTa BxAsKOCTb yrueBogopoga Ne 4 mpu 100°. 
** 3a 100% MpHHATO OTHOUICHHE Veo/Vin9 yraeBogzopoga Ne 1. 


Ypesu- YBeunue- 
y Yee yeHHe BxA3-| HHe OTHO- 
mpu 100° KOCTH Npy| wennua ** 
(B ccT) Y100° 400° Cc * Ve0/Y100 
% % 
8,97 Drie _ _— 
5,58 2,87 140 129 
6,64 3,24 167 145 
9,26 3,60 233 169 
6,33 2,96 159 133 
7,410 3,22 179 144 
10,45 3,98 263 178 
Tloctynusio 
8 I 1959 


UWHTHPOBAHHAA JIMTEPATYPA 


C.P. Ceprueuxoungp., JAH, 120, No 3, 541 (1958). 
Clark et al., Petroleum Refiner, 22, 120 ( 
Herr et al., Proc. Am. Petrol. Inst. Sec. III, 26, 254 (1946). 


1943). 


B RaW 
oR We 


Schiessler, 
Suc fst essishiveun. 
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XHMHA 


H. f. YEPHOBA, JI. C. ATY)KHHCKHM u A. A. BEPJIMH 


CHHTES §-(n-][H-(2-XJIOPITHJ1)-AMHHO®EHNJ)-8-AJIAHHHA 


(IIpedcmaeaeno axademuxom M, M. Illemaxunoim 7 II 1959) 


Vspecruo, To n-fu-(2-xs0psTHd)-aMHHo-f-eHuJI-a-alaHHH («CapKOJIH3HH» 
oOslafaeT BbICOKOM MpoTHBOONYyXOJeBOH AKTHBHOCTbIO B SKCIePHMeHTe HU B KIM: 
Huke (1, ?), Ham npescTaBJAJIOCb HHTEPCCHbIM CHHTC3HPOBAaTb aHaJIOr CAPKOJIN3H: 
Ha 8-(n-u-(2-x0p3THJ1)-aMuHodeHu)-8-anaHHH (1), mpescraBAoWuh coor 
MpOH3BOAHOe 8-aMHHOKHCJIOTHI. 

UcxoHbIM BellecTBOM JIA CHHTe3a 8-(N-M-(2-xOpsTHJ)-aMuHoeHu)- 8: 
aslaHuua (1) cryxusm 8-(n-HuTpodeHuu)-8-N-anerus-3-ananHuH (11), nowy4eHHblt 
mo Merony B. M. PogMonosa. 

Baugy Toro, YTOCHHTe3 C 3al[HTOM $-aMHHOrpyNNbl alleTHJIbHbIM OCTATKON 
CONPOBOKAaICA SHAYHTEJIbHBIMA TPYAHOCTAMH HM HH3KHMHM BbIXOJaMH, Obl 


HU3y4eH HM BTOPOH NyTh —c (TaslOWIbHOM 3aljHTOH 3-aMHHOrpyMnbl, — oKa3aB 
IUMHCA BHOHeE YOBJIETBOPHTeJIbHbIM. 


Cl1CH2CHe CH,COOH CHzCOOR 
pou vis PWN 
SN—<S — CH NO <7 = CH 
ClCH2CH, NH» NH2 
I 
aes WAM Re eens 
2a FAN 
Raat hy CH 
NHCOCHs Vill R= G55, 
CH2COOC2H; 
= 9 —_— — ‘ae \ — yo 
II R=NOz, H R Ca CHC Boe 
COs 
JUL IR = INOb, IR => Cask IX R=NO, 
IV R— Nie, eRe Go He X R=NHe 


V R=(HOCH-CH.).N, R’ =GH; x 
VI R=(CICH:CH»)2N, R’ =GH; 


R —— (HOCHe2CHe)s N 
XII R = (CICHgCH2).N 


Ilo neppomy cnoco6y $-(n-HuTpodenua)-3-N-ateruu-3-anaHHH (II) srepu 
(puuMpoBasIM C NoMoLIbIO 2N cnupToBoro pacTBopa xJlopucToro BoLopoxa. Io 
JIYYCHHIM STHIOBHIN S*Up 3-(n-HATpodenui)-8-N-anerus-B-anannna (*)(1]])raag 
KO BOCCTAHaBJIMBaJIH B STHJIOBOM CIMpTe B MPHCyTCTBHH CKeleTHOrO HHKeL 
B STHJOBbIM acup 8-(n-amuHodenuw)-3-N-anerus-8-ananuna (IV) u nocaeqHu: 
npeBpalaiH B (1) CeAYIOUMMMH YeETLIPbMA CTaMMAMH 6e3 BHIeNeHUA B UNCTO! 
COCTOAHHH IPOMCXKYTOYHBIX MPOLYKTOB: Mp AelicTBMH OKUCH 9THMeHAa Ha (IV 
B 2N yKcycHOH KuCIOTe NodyuanH STHIOBEI acbup B-(n-H-(2-OKCH3THJI)-aMP 
Hodenuu)-5-N-aterua-3-aiaHuna (V), H u3 noceqHero LelicTBHeM XJIOPHCTOr 


THOHHJa — XJOPHApaT STHIOBOrO stupa §$-(n-nH-(2-x0psTus)-amHHodennwd 
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N-ayern-$-ananuna (*) (V1). Kunatennem (VI) c20%-i HCl nonyuanu xnop- 
mmpart (I), KoTopbili 3aTem mpeBpallianu B OcHOBaHue (1). WAU 
_. Berxo KoneyHoro mposykta Jocruran 15% oT Teoperuyeckoro B pacueTe 
4a }-(n-amuHodennw)-8-N-ateru-8-ananun (IV). 

_ Ilpu pa6ore no stropomy cnoco6y uCxOJHbIM BeLLeCTBOM ABMISJICA XOPruLpaT 
+ (n-HuTpodenus)-8-aaHuna (VII) (°),! Koroppili srepucbuunpoBanH Cc MOMOLbIO 
MMPTOBOTO PacTBOpa XJIOPHCTOFO BOAOposa H U3 NOMYYeHHOFO 2THMOBOTO 3c:upa 
-(n-HuTpodenuu)-8-ananuna (VIII) nocnexopaTenbHol o6pa6orKoli draseBbIM 
HHTHAPHOM WM YKCYCHBIM aHTHApHyom (°) riaqko nomyyaiu sTuoBbit sup 
(n-HuTpodenu)-8-N-dranon-$-anannua (1X). Puzpuposanuem B npucyTcTBHH 
(KeENeETHOTO HUKeA M3 (IX) CHHTeSHPOBAaJIM ITHOBLIK atpup 6-(n-amuHoeHuA)- 
}-N-ranonu-8-ananuna (X). Ilo ananoruu c mpespattienuem (IV) B (I) #3 era- 
JOMIbHOPO CoequHeHHA (X), Takxe 6€3 BbILEeCHHA NPOMEXKYTOUHBIX IIPOLYKTOB 
|| IHCTOM COCTOAHHU, MOCeJOBaTeIbHO CHHTe3HPOBaHE!: STHOBbI scup B-(n-AH- 
D-OKCHSTHJI)-amMuHo@enua)-8-N-branon-8-anaHuna (XI) (°), sruoBbi adup 
-(n-Wu-(2-xs1opaTHs)-amu Hodenu)-8-N-dranoun-8-ananuna (XII), xaoprug- 
jar (1) H ocHoBanue (1). IlocnmeqHuit nomyuen c 48% Bprxofom B pacuere Ha 
-(n-amuHodeunu)-8-N-dranous-8-atanun (X). 


IKCNe€PpUMECHTAALHAA YaACTh 


ITUNAoBHH adup -(nHuTpodmeunu a)-8-N-aweTu J-$-a 0 a- 
u Ha (III). Pacrsop 10 r (0,04 Mona) 8-(n-HuTpodenna)-8-N-alerus-8-ana- 
una (II) (?) B 100 ma 2N GesBoqHoro cnupToBoro pacrBopa HCl kunaTuan 
},0 aca, 3aTEM CIUPT MOJHOCTbIO OTTOHAIH B BakKyyMe. OcTaToK 9KcTparupo- 
padi KHIM 6e€H30JIOM, OTCPHIbTPOBHIBAJIM BbIAeIMBLIMHCA H3 OeH30JIbHOTO 
KaCTBOpa OeClBeTHDIM KpuCcTaIMYecKHH ocayoK. Bpwo nomyyexo 7,9 r (III) 
W70,5%) c Tt. mm. 121,5—126°. Mocne nepekpuctaimusalun us cnupta T. nu. 
25,5—128°. JIurepaTypuble JaHuble T. mu. 123—124,5° (°). 
| Qruaopyu asbdup Bfn-amunodeuua)-f-N-aneru a-f-a a a- 
| una (IV). 6,6 r (0,023 mona) stunoBoro 2cupa 8-(n-HuTpoceHHs)-8-N-ae- 
juu-$-asianuuna (III) ruqpupoBanu npu aTmMocdepHom JaBeHHu B OO MJ STHUJIO- 
(Oro ciupTa B WpucyTcTBHH 5 © cKesleTHoro HuKeA. IIpH BCTpAXHBaHHH 3a 
J, uaca Morsolalocb TeopeTH¥ecKoe KOJIHYeCTBO BOJOposya. CnApTOBOH 
sacTBOp yiapvBasM B BakyyMe H ocTaToK (5,8 r) pacrupaau c 5 Mil stupa 
pu warpepanuu. OrdunprpopppBamn 5,3 r (91,2%) GOecuBeTHbIX KPHCTaJIJIOB 
|v. na. 72—78°. Kpuctaniugaunei “3 cMecH 9THslalleTaTa MH OeH30/1a Momy- 
4a OeCIBeTHble HIvIbI c T. Mu. 79—80,5°. 


-Haltigeno %: C 62,15; H 7,48; 
CigHigN2O3. BrruncmeHo %: C 62,39; H 7,25 


ZZ, 


| Tluxpar nonyuann B Bue *KeuTHIX KpucTamoB, T. m1. 155—157° (us cmupra) 


Hatimeno %: C 47,341; H 4,75; N 14,8 
CigHoiN;O10. BrrauceHo %: C 47,60; H 4,42; N 14,6 


8-(n-Mu-(2-X JOPSITHA)-aMHHOMeHHA)-3s-atlaHHuH (I), Cmecb 
,5 r (0,01 moma) sTHM0Boro acupa 8-(n-amnHodenuu)-3-N-anerus-B-anaHuna 
IV), 12 ma 2N yxKcycHol KHCOTHI MW 5 MJ OKHCH STHJIeHa OCTAaBJIAIM Ha 42 yaca 
‘pH KOMHAaTHOM TemMepaType HW 3aTeM OTTOHAJIM B BaKYYMe YKCYCHY!O KHCOTY 
| W30bITOK OKHCH 9THJeHa. K ocTaTKy, cofepxkaliemy (V) M MpescTaBuaroulemy 
jo6oli Malo NOABM2KHOe XKeJITOe MaCJIO, IPHAHBaIH 25 MI WUXIOpsTaHa, YacTHY- 
(0 OTTOHSAJIM PaCTBOPUTeJIb HU K XOPOMWIO NepeMeLUIMBaeMOH IMYJIBCHH MPH oxax- 
CHM BOZO MpHIMBaIH Mo KaniaM B TeyeHHe 7 Mun. 1,9 ma (0,025 Mona) xno- 
hbucroro THOoHMa B 3 MI uxnopsTaHa. IIpu 9TOM BbIfeAacb 2%KeTOBaTaH 
oyTBepfas Macca. PeakuHOHHYIO cMecb Harpesanu 45 mun. mpu 80°, nocae 
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yero JUXJOpsTaH H XJIOPHCTHIi THOHHJ MOJIHOCTbIO OTTOHAIH B BaKYYyME Hé 
BOAAHOM Sane. Ocratox (VI), npexcTaBsioulMH CoOoM Oypylo Maccy, KHMATHJIE 
2 yaca B 20 ma 20%-H comaHOH KHCIOTHI, pacTBOp ynapHBasiM B BakyyMe JC 
HeOobUIOrO OObeMa, pasOaBIAIH 50 MJ BOLbI, OTPHIbTPOBLIBAIH XJIOMbeBU]L 
HbIli Oypbit ocaqoK, PUIbTpaT OOpaOaTHIBaIH AKTHBHPOBAHHbIM YIJIeM HM 3aTeN 
TIpHOaBuIAIM K HeEMY pacTBOp YKCYCHOKMCOrO HaTpusA, MpHueM Bbillatas Oec 
MIBETHbI MeIKOKPUCTaWIMYecKHH ocazoK ocHoBaHHsA (I). Bec 0,81... .67.- Tem 
'165—167°. TlepeocaxkqeHnem nonyuaiu 0,47 rc. mi. 170 —171°.. Brrxon, 15,6% 
or Teopun. BeuecrBo He Jaer Jempeccuu c (1), NoyyeHHbIM Yepes (X). 

XMOprugapatT ITHAOBOTO 29Hupa $-(N-HUTPOMeuu A) 
3-alaHuMHA (VIII -HCl). Cmecb 27 r (0,109 mona) xoprugpata 3-(n-HUT 
podbenut)-8-ananuna (*) u 100 ma 2 N pacrsopa HCl B a6comioTHoM cnuprt 
KHnATHIM 3 yaca. Ilo oxaxK eH OTPUALTPOBbIBaJIH 29 Fr OeCIIBETHbIX KPUCTad 
op c T. mi. 250—251°. Borixon 97% Teopnu. Ilocse nepekpucTaiMsalan Ui 
cnupta T. nt. 251 —252°. 


Haiizeno %: C 48,01; H 5,64; N 10,48; Cl 12,86 

Cy,Hy3NeClO4y. Brrancueno %: C 48,09; H 5,50; N 410,20; Cl 12,90 
ITHAOBHKH IPUp 8-(n-HuTpOdeuuH s)-3-N-OTano uas-B 
awauuua (IX). Pacrsop 25 r (0,091 Mona) xnoprugpata 9THOBOrO scupe 
3-(n-HuTpodeHu)-8-anaHHHa, 13,5 r (0,091 mous) draneporo aHruypuya } 
45 Mit TMpuAuna KunATHIM 20 MHH, 3aT€M OTTOHAJIM MMPHIHH B BakyyMe H ocTa 
TOK KHMATHIM 7 MHH.c 45 Mi yKcycHoro aHruypuya. Ilo oxsaxeHHH pacTBo] 
BbIIHBaIH B OOO Mi XOJOAHOK Bob. BrinmaBliee *KeTOe MacJlIo pH pacTHpaHul 
3aKPHCTaAMH30BbIBaocb. [lepekpucTalIM3alveh U3 cnuptTa nowyyain 26,2 | 
cT. nat. 97 —98°. Bprxoy 78,1 % Teopuu. Ilocae nepekpucrau3salun U3 cnupT: 

NOJY4eHbI GecilBeTHble KPHCcTaIbI Cc T. mI. 99,5—100,5°. 


? 


Haligeno %: C 61,40; H 4; N 
8; N 


As 
CigHigN2Og. Bpraucmeno %: C 61,95; H 4 


4 Uf 
3 7 


? 


ITHAOBHH I9pPup B-(n-amMuHOdeuHuU .«)-3-N-bTanoH“ A-3-ana 
HH Ha (X). 25 r (0,068 moma) sTH0BOoro actbupa 8-(n-HUTpodeHuu)-8-N-drano 
HJI-3-aulaHnua (1X) rugqpwposasn B 180 Mi sTHOBoro cnupTa Mpu aTMocdepHo! 
aBJIeHHH B IpucytTcrBuH 14 r cKeleTHOrO HHKeA upH 50—55°. Ilpu serpaxu 
Banu 3a 1 u. 10 MHH. MormoTHsoch TeopeTHueckoe KOMMYeCTBO BOROpona. I] 
OXaKMeHHH OTPHJIbTPOBLIBaIH 20 Fr %HKeITHIX KpucTaoB c T. mt. 114—115° 
Burxon 88,3% Teopun. — 

Haligenho %: C 67,62; 


? ’ 


lal By aye IN 
CigHigN2O4. Brraucneno %: C 67,44; H 5,36; N 


57 
; : 28 

3-(n-Au-(2-X TOP9TUA)-aMuHOdeuHu«)-B-anaHun_ (I). Cmec 
2,5 r (0,0074 Moms) asTHM0Boro adupa 8-(n-amuHodenum)-8-N-craous-3-ame 
HuHa (X), 5 MI OKMCH 9THeHa uM 2-X Kallelb BOLI HarpeBasiM B 3amadHHO 
aMilyJie Ha BOAAHOH OaHe B TeyeHHe 5 uac. Ilocne oTroHKH B BaKyyMe OKHC 
STHe€Ha MH BOAbI OCTATOK, HMEIOUMM BU %*KeITOrO MacJla, pacTBopsyM B 50 M 
XJOpotpopMa, OTTOHAIM 35 MI pacTBOpHTeIA MK OcTaTKy npHanBann 2,5 M 
(0,033 Moma) xmopucToro THOHHa. Hadmofasocb BCneHHBaHHe, cyla6oe noTen 
HeHve, TemMilepaTypa peaKIMOHHOM cCMecH MOsHHMasacb Jo 40—45°. Cmecp x: 
rpepan 10 Muy. mpH 50—54° nu 3arem 5 Muu. npu 65—67°. CunbHo moTemHe! 
IMM KOPMUHEBbI PaCTBOP ObICTpO yMapuBaJIM B BakyyMe IIpu TeMnepatype Oak 
65—70°. K ocraTky mpuanBann 20 ma 20%-H comaHO KUMCIOTEI HM KUNATHI 
1,5 vaca; Oypy!oO CMeCb OXJaxKaN, pasOaBlaIM TpexXKpaTHbIM OObeMOM BOL 
M OTPUbTPOBLIBaIM PraeBy1o KucNoTY. IIpu npuOaBleHun K PubTpaTy yKcy: 
HOKMCIOrO HaTpHA BbIMazao 1,5 r 6eclBeTHOrO MeKOKPHCTasMYeCKOrO OCH 
Banna (I) c T. mt. 156—159°. Brrxon 67,6% Teopun. 
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1,5 r (1) pacrBopaau B 6 ma 20%-i ComaHOH KHCNOTHI, NpHOaBJiAJIW akTH- 
JMPOBaHHBIM yroub, pasOaBANH B2 pasa BOLOH, OTUIbTPOBbIBaIH YrOuIb H V3 
pHIbTpata pH mpHOaBeHHM yKCycHOKHCuOrO HaTpHA BbIZenaH 1,08 r Gec- 
BeTHOrO BelllecTBa c T. mI. 176,5—177°. Burxoy 48,5%. Mepeocaxyennem no- 
jyyanu (I) c T. mi. 178,5—179°. 


Hafigeno %: C 50,93; H 6,27; N 8,98; Cl 23,29 

CigHigN202Cle. Brraucneno %: C 51,15; H 5,94; N 9,18; Cl 23,24 
VMucTutyT SKCNepHMeHTaJIbHOH NaToOOrHH Iocrynuso 
M TepamlHu paka 13 I 1959 
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Jloxaagn Axkanemun nayx CCCP 
1959, Tom 126, Ni 4 


XHMHF 


}O. K. JOPbEB, K. 10. HOBHILKHM u B. H. KAHTAPEBA 


HMCCJIEMOBAHHE B PAY ®YPAHA 
CHHTE3 CHMMETPHUHDIX 2,5-BMC-(MAJIKYJIAMHHOMETHJI)-® YPAHOB 


(ITpedcmaenexno axademuxom A. H. Hecmeanosuim 5 III 1959) 


Cummetpuunble 2,5-6uc-(quauIKuslaMuHoMeTH)-by paHbl-(R2NCH2-(CyH2O) 
CH,NR,) nouTH He OnNcaHbI B ANTepatype. B 1949 r. Onnen u Ilexam (’), u3y 
yaBluve MpHMeHHMOCTb peakuMH ManHuxa K 3aMelleHHbIM (bypaHaM, py jen 
CTBHH uMeTHiaMHHa uM copMabferuna Ha N,N-Jumetnsdypdypyiamut 
B YKCYCHOH KHCJIOTe NOJY4HIIM C HHYTOMKHbIM BbIXOJOM 2,0-Ouc-(JHMeTHIaMH 
HOMeTHJ)-CbypaH, HeHTHPHUMpOBaHHbIM B Buse DZunuKpata. J\MaMHHbI TaKOr 
CTPOCHHA WH UX MPralOvaKNMaTbl MpeACTaBIAIOT MHTepec C TOUKH 3PeHHs 
uxX PH3HOMOrMYeCKOH AKTHBHOCTH, KaK MOTeHWMaJIbHbIe raHrIHOOMOKHPYIOWIM 
H Kypapenogo6uble coequHeHHA. M3pectuo, uTo HoMeTuaT 2-quMeTHJIaMHHO 
MeTHJIypaua (pypamon) (?) Hallie MpHMeHeHHe B KayeCTBe 3aMeHHTeIA MMO 
Kapnuna. 

[lid CHHTe3a CHMMeTPHUHbIX JHAaMMHOB YKa3aHHOrO CTPOeCHHA MbI HCMOMb3O 
BaJIM 2,5-GHC-XJIOPMeTHJIPypaH, B3aHMOJeHCTBHe KOTOPOrO C BTOPHUHbIMH aMi 
HaMH IIpHBeO C BHOMHE YAOBJIETBOPHTeIbHbIMM BbIXOLaMV K COOTBETCTBYIOUIMN 
WaMu Ham: 


— se 
CIHsC —{ Is CH23I + 2HNR: > ranruc—L ) = CHR 


rae HNR: = (CH3)2 NH, (CeHs)2 NH, 


HK > u HN Cao 

PeakIlHA MIpoTeKaeT JlerKO pH BsaNMOselicTBUM S*PUPHbIX pacTBOpoB OuC 
XJIOPMeTHJIpypaHa MH BTOPHYHOTO aMMHa B MPHCyTCTBUH efKoro Kau. V3 BTo 
PHUHbIX AMHHOB B peaKIIHIO BBOJMINCb JHMeTHJ-H JMSTHaMMH, NMMepHaMl 
4 MopomuH. Takum nyTeMm Opin nowy4eHbt 2,5-6uc-(qumMerusamuHomerns)-,2,5 
Ouc-(qH9THaMHHOMeTHM)-, 2,5-Ouc-(N-nmnepuyMHomernn)- u 2,5-6uc-(N-mop 
bouMHOMeTHJI)-bypaH. KoucranTet 2,5-6uc-(quMerusamunomerus)-ypana u er 
AMMMKpaTa COOTBeETCTBOBaJIH KOHCTaHTaM [ipelapaTa, NomyyeHHOTO Apyrui 
mytem (*). Cneayer oTMeruTb, 4TO AUHOAMeTHMAaTHI HaMHHOB He MMeIOT 4erKO! 
TeMNepaTyPbl WiaBJIeHHA W MpH HarpeBaHHu (B 3aMaiHHOM KanllMJsApe) mocte 
Ml€HHO TEMHEIOT H 3aTeM Pa3Jlaralorca. 

OnucpiBaemoe HaMH B3aMMojelicTBue 2,5-Ouc-xopMeTHadypaHa Cc BTOpUY 
HbIMH aMHHAMM ABJIACTCA MOKA CAMHCTBCHHBIM YOOHBIM CMOCOOOM MouyueHH: 
COOTBETCTBYIOWIMX CHMMETPHYHBIX JHaMHHOB (bypaHOBoro psa. 


IKcnepuMeHTanbuaag UsFasCrhab 


2,0-0 HC-X JI opMeTudA @y pau noswyyanca no meroquKe MoubyeHxay 
epa c corp. (*) qelicrsnem xsiopuctoro THOHMIa Ha bypbypusoBili CNMpT B On 
PHAHHE C MOCeAyIOUMM XJIOPMeTHIMpOBaHvem dbypbypurxnopuga. Beixo 
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P,o-OnCc-xXJlopMeTHypaHa coctapasa or 20 no 25%, cunTaa Ha BBeLeHHBIIt 
bypypHoppii cnupr. IIpenapat 3axpucra/M30BbIBaJICA B XOJOAMbHUKe Tp 
DTTOHKe eFO H3 peaKUMOHHOH CMecu: T. nu. 27—28° (u3 cmecu acpup-nerpoueii- 
Hpi adup). JIureparypuble JaHuble: T. mi. 27°. ; 
2,5-OuC-((UMETHAAMUHOMEeTHA)-hypan. B tpexropsyi xpyr- 
MOMOHHYIO KOJOy C MelaJIKOli, KallenbHO BOPOHKOM H OOpaTHbIM XOMOLMsIb- 
MIMKOM OMellasica pacrBop 20 r (0,44 r-mou.) QuMeTusamMuHa B a6couOTHOM 
ppupe, 13,4 r mnapnenoro KOH 4 3a mosuaca no6aBnanca pactBop 13,2 r 
(0,08 r-mou.) 2,5-Ouc-xopmMerudypaHa B paBHOM KOJIMUeCTBe aipupa; CMeCb 
MpUXOMMNOCh MepvosuyecKH OXxJaxaTb. Ilocne 12 vac. crosHua jo6aBus- 
| ach BOJla JO NOJHOTO pacTBOpeHHA oOcafKa, 2S*PMPHbI cmoH oT,eNAICH, 
SBOMHbI — 9KCTParHpoBavica sUpoM. OObejHHeHHbIe BbITADKKH BbICYIUMBAIUCb 
i MaBieHHbimM KOH. [locne otrouku adupa uw NeperoHKuH ocTaTKa B BakyyMe 
: 


onmyyeno 11,0r (75,5%): vT. Kun. 76° (2 mm); n201,4728; d®© 0,9525; 
IMRp 53,58. CyH,,ON.F,. Boruvcneno MRp: 54,77. 


'Haliqeno %: C 66,06; 66,17; H 10,07; 10,24 
CyoHygON2. Barruncneno %: C 65,90 ; 
[uvoyMmetusar, NOJIYueHHbI lipHOaBsieHHem HOMMCTOrO MeTHJIla K CITMPTO- 
HBOMY PpaCTBOPpy JHaMHHa, NpH HarpeBaHHW B 3aladHHOM KallvJJiaApe HadH- 
hHasl TeMHeTb pu 185° wu pasnarasca mpu 200 — 203° (u3 6esBoqHOro cnupTa). 
Hafigzeno %: C 30,40; 30,38; H 5,44; 5,45 
CisHesONoJe. BaruncmeHo %: C 30,92 lal sil) 


? 


Jiunukpat liaBysica c pasiomwKeHvem upH 199— 201° (H3 cmupra). 


. Hakteno %: N 17,18; 17,12 
CoeHe,O15Ng. Brruncateno %: N 17,50 


| JIuTeparypHble JlaHHbie: T. Kun. 107— 109° (10 mm); n201,4728; qunn- 
|Kpata: T. mu. 202 — 205° (c pasa.) (+). 

_ IIpm ssaumogetctauu 19,8 r (0,12 r-mom.) 2,5-6uc-xsopmeTuadypaHa 
fe 50 r 33%-ro BoyHoro fuMeTHaMHHa Oplio nowyyeHo 8,8r (40%) 
| 2,5-6uc-(quMeTHsaMuHOMeTH)-ypaHa c T. Kun. 81—82° (5 mm). 
| 2,5-6uc-(quaTHAaMUuHOMeTHA)-hbypan. Hs 19,8 r (0,12 r-mou.) 
| 2,0-Ouc-xopMeTusmdypaua B 20 r ac. apupa u 26,3 r (0,36 r-mou.) quaTHA- 
amuHa B 25 r spupa c 13,4 r KOH, kak omucano Bpllle, MomyyeHo 17,5 r 
461%): 1. Kun. 124— 126° (7 mm); n2°1,4764; d200,9309. MR, 72,16. 
|Cis4Hy¢ON2F2. Bersucaeno MRp: 73,24. 


Haitiyeno %: C 70,18; 70,12; H 11,07; 10,96 
CysHogON2. Buruucneno %: C 70,54 H 40,99 
JIutiowMerusatT miaBuica Cc pa3moxeHwem mpu 184—186° (us cnupta). 
| Hatigeno %: C 36,75; 36,599; H 6,29; 6,22 
CigHs2ONeJo. Brtuucmeno %: C 36,79 H 6,18 
Jlutioystumat: T. pasa. 208—211° (43 cnupra). 


Haligeno %: C 39,05; 39,05; H 6,60; 6,84 
CisH3gONaJe. BpruncneHo %: C 39,28 H 6,59 


Jiunuxpar: T. na. 127—128° (ug cnuprta). 


Halineno %: N 15,94; 15,70 
CogH32015Ng. Brraucneno %: N 16,09 


2,5-O6uc-(NnuumepuaunuHomeTua)-pypan. Hs 13,2 r (0,08 r° 
Mow.) OuC-XJIOpMeTHIypaHa B paBHOM oOObeme supa uw 20,5 r (0,24 r-mon. 
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nunepuauna c 13,4 r KOH, kak onucaHo BbIlle, MOJyYeHo 16;5 r (76,5 Me 
T. Kun. 172—173° (7 mm); n2 1,5130; 2 1,0121; MRp 77,92. CigsH2g¢ON2Fe- 


D 
Buuucieno MRp: 78,08. 
Halineno %: C 73,11; 72,96; H 9,85; 10,07 
CigHegONe. Buruucneno %: C 73,24 H 9,99 


Tlutioumerunat: T. pasa. 194—198° (43 cmupra). 
Hafizeho %: C 39,80; 39,97; H 5,92; 6,01 
CigHg2ONoJe. BarunceHo %: C 39,57 leon Al 
Jiunuxpat: T. na. 193—194° (m3 cnouprta). 
Haligeno %: C 46,74; 46,80; H 4,70; 4,60 
CogH32015Ng. Brruncneno %: C 46,67 H 4,48 


2,5-6uc-(NMopdomwuuHomeTua)-pypan. M3 11,5 r (0,07 r-moa.) 
2,5-6uc-xslopMetTusdypava u 18,2 r (0,21 r-Mou.) MopdbouIMHa B SPUPHOM pacTBO- 
pe c 12,5 r KOH noayueno 11,5 r (62%) Baskoro Macula, KHnAuero mpH 158— 
160° (1 mm), 181—183° (5 mm); n° 1,5198. | 


Haiimeno %: C 62,92; 62,82; H 8,56; 8,47 
CyaHo203Ne. Brruncneno %: C 63,13 lal {3}, 
T[utosmerusat: T. pasa. 190—193° (v3 BoqHOro cnupTa). 
Hatineno %: C 34,28; 34,14; H 5,38; 5,27 
Cig HogOsNeJo. Baruncneno %: C 34,92 lal O18 
Jlunuxpar: T. na. 189—190° (u3 alleroHa co cmupTom). 


Haligeno %: N 15,33; 15,24 
CogHegO17Ng. Brruncueno %: N 15,47 


MockosckHi TrocyapcTBeHHbIii yHHBepcHTer Tloctynusto 
uM. M. B. Jlomonocosa 28 II 1959 


UWMTHPOBAHHAS JIMTEPATYPA 
WE. Eliel, P. Peckham, J. Am. Soc,, 72; 1209’ (1950). - * HL BS X pio. omm 


Bopucos,U.M. Wpucr, B. J. lO 2oBcKa 4, KKOX, 24, 2056 (1954). 30. Mol- 
denhauer,G, Trautman,R. Pfluger,H. Doser, Lieb. Ann., 580, 180 (1953). 
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Jloxnagn AkagemMun wayx CCCP 
1959. Tom 126, Ni 4 


PH3HTECKAA XHMHfA 


HM. B. BEPE3HH. H. ®. KA3AHCKAS u B. ©. MIPHBAJIOB 


O MEXAHH3ME BbIPO)KJIEHHBIX PASBETBJIEHHA 
MPH )KHAKO®ASHOM OKHCJIEHHH WHKJIOFEKCAHA 
B CTAJIBHOM COCYJ]IE 


(UTpedcmasneno axademuxom H. H. Cemexosoim 29 I 1959) 


OxkHCJleHHe WMKJIOreKCaHa B KH AKOH tpase OTHOCHTCA K KIaccy WeMHbIxX peak- 
WH C BbIPOKeHHbIMH pasBeTBeHHAMH ('). OfHaKO JO HaCcTOALero BPeMeHH 
BbIACHEHO C JOCTATOUHOHK MOMHOTOH, KAKOH H3 MPOMeXKYTOYHHIX MpOAyKTOB 
KUCJICHHA WHKOrekcaHa yuacTByeT B PeaKUHH BbIPOKACHHOTO PasBeTBJeHHA 
KaKOB MeXaHH3M 9TOro akTa. Ilo aHaJIorHH C KXHAKOMaSHbIM OKHCJIEHHEM Apy- 
AX YIJIEBOOPOOB MOXKHO ObIO MpeANoaraTb, TO TAKHM MpOLYKTOM ABIAeTCA 
A[PONePeKHCh WHKJIOFeK- — wan/n 
4a. OTO mpelmosuoxe 
€ NOATBepxKaeTCA Tem, 
TO MoOaBKH ruporepe- 
CH WHKJOreKcHJla yc- 
PAIOT OKHCJIeHHe WHK- 
rekcaHa. Octaetcs He- 
HBIM, SABJIACTCA JI 
jpH4unHHOH ycKopeHHA pa- 
MKaJIbHbIM pacnay camMou 
MpOMepeKHCU WHKOreK- 
la WIM OHO CBA3AHO Cy 


lOpasoBaHvem MpH pacia- Z g 6 8 ae. 
fe TuApomepekucu USES Puc. 1. Kunerwyeckue KpuBble MpOXyKTOB OKHCIeHHA WHK- 
WOreKCaHoHa, KOTOPbIH 0rekcaHa B cTambHOM cocyye. / — npu 150°, muKsorexK- 


A3bIBaeT TaKKe CHyb- C@#OH; 2 — mpu 150°, uuxnorexcanon; 3 —npu 150°, ruqpo- 
S TlepeKHcb WHkworekcuna; 4—mnpu 142°, waKmnoreKcaHoH; 

Joe eG Aen 5 —npu 157°, wuksorekcaHou 

Bre (*). 


| B uwactosue pa6oTe Aa pelieHHA STOrO BoMpoca Obi Usy4yeH Mpollecc 
IKUCJICHHUA WHKOreKcaHOHa B Cpefsle OKHCJAIOWerocA WukoreKcana. Tak Kak 
“Tipollecce peaKIHH WMKJOreKcaHOH HelpepbIBHO OOpasyeTca M pacxosyercs, 
0, KaK HM paHee, Jia HCCeOBaHUA Ob MpHMeHeH MeTO, MeYeHBIX aTOMOB (7). 
_ Okucslenve WuksorekcaHa, OWMUIEHHOFO OT APOMATHYECKUX YTeBOLOPOLOB 
*) uw MeTHaluKonentana (*), MpOBOAHIH BO3LyXOM To AaBuieHvem B 10 aT. 
pu 142; 150 w 157° B crambuom cocyye. KomnuecTBeHHbI aHalu3 MpousBo_MIK 
a TH{lponepeKHCb WHKMOFeKcHsa, UWMKJIOreKCaHOH KH WukKorekcaHou (*). Kune- 
yecKHe KPHBble MPpOAYKTOB OKHCJICHHA MPH 150° u WHksorekcaHOHa pH pa3- 
\bIX TeMlepaTypax lpescraBueubi Ha puc. |. Ilo-BuquMomy, BcJleqCTBHe yuMer 
Hest OT IPHMeceli CKOPOCTb OKHCJIEHHA STOM MapTHH WHKJIOKTeKCaHa OKa3a- 
\ACb HECKOJIbKO MeHbIUe, YeM OOPaSIOB, HCMOMb3OBaHHBIX Pauee (°). ‘ 
Ilo npowecrBun onpefemennoro Bpemenu (5 vac. mpu 142°, 2,5 uaca mpu 150 
1,5 uaca npu 157°) B oxucasiomMicaA WAKIOreKkcaH BBOAMIM WHKJOreKCaHoH, 
eueHbIli payuoyrieposloM No KapOouusbHOU rpymne (°). KomuyectBo BBOAMO- 
iO MeyeHOrO WuKoreKcaHoHa cocTaBsAIO 5% oT ero cofepxKaHuA B IpOAyKTAax 
eakUHH OKMCIeCHHA K STOMY MOMeHTY BpeMeHH. JIA yy4WeHHA BOCIPOH3BO- 
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JIMMOCTH OMBbITOB Obl HCHOb30BaH, KaK H paHee, NPHeM «yCpeHeHHA» OKHCIEE 
Holt cmecu (°). Tlocne BBofa paHoaKTHBHOrO WHKNOreKCaHOHa MpOuSBOAMIJI 
oTOOPbl OKHCeCHHOFO WHKIOreKCaHa; WHKJIOreKCaHOH H3 MmpoO BbIeAJIM B BUD 
2,4-MHUTpPOeHHITHApasoHa HM oMpeseiAM ero yeubHy!O paMoakTHBHOCT 
a, Ha OCHOBaHHH pe3yJIbTaTOB paMOXHMMYECKHX aHaJIM30B PpacCuHTbIBal 
KOHIeHTPallMi0 MeyeHOro] LuKorekcaHoHa (*) 

aj 


Cyey = Ce — 
Meu ae? 


re a9 —YeMbHad payMOaKTMBHOCTh WMKJOreKCaHOHa B MCXOJHbIM MOMeE 
BpeMeHH TlocJle BBeJeHHA paluoakTHBHOH jOOaBKH; a; — yAesIbHan paHoalk 
THBHOCTb WHKJIOreKCaHOHa B MC 
MeHT BpeMeHu ft; C; — KOHILeHTpéE 
IMA IMKJIOTeKCaHOHAa B MOMEE 
BpeMeHH f. 

Ha puc. 2 npHBeeHbl KHHeTI 
yeckHe KPMBbIe OKHCJICEHHA MeuE 
Horo WHkKsorekcaHoHa. IIpu pac 
CMOTPeHHH KPUBBIX OOpalilaeT H 
ceOA BHUMAaHHe, YTO CKOPOCThb OK 
CJIEHHA MedeHOrO WHKJIOreKCaHOH 
Ha MpOTAKeHHH 3HAUHTeJIbHOI! 
oTpe3ka BPeMeHH oOCcTaeTCA MocTé 
AHHOU. ITO MOXeT ObITb CBAZAHO 
YCKOPHIONIMM BJIMAHHeM Ha peal 

0 I[H1O OKHCJICHHA IWMKJIOreKCaHOH: 

{ é Jude o6mad KOHIeHTpalluA KOTOPO! 

Puc. 2. Manenue KonleHTpayuu «Meyenoroy wuK- PaCTeT NO XOAy Mpolecca (puc. | 

moreKcaHoHa B xoe OKHceHHa pn pasHeix B 3TOM CJyYae CKOPOCTb OKHCI 

Temmlepatypax HHA MeueHOrO ILHKJIOreKCaHO!E 

OKA ObITb TpOMOPpUMOHAaJIbE 

He TOJIbKO efO KOHICHTPalHH (Cyey), HO TakxKe HW OOULeH KOHUeHTpalluu KeTOH 

EcsM 3aBHCHMOCTb OT OOUeH KOHILCHTPallMH UWHKOreKCaHOHa NOMYHHAeTCA Te] 
BOMY NOpAAKY, TO CKOPOCTb OKHCJICHHA MeUeHOrO WHKJOreKCaHOHa paBHa 


W ex = RC yeneys ( 


a Rk omKHa ObITh BEAMUMHOH, MOCTOAHHOM No xofy peakwwu. S3Hauenua Rk an 


Pa3JIMYHbIX MOMCHTOB BPeMeHH IIPH Pa3HbIX TeMMepaTypax mpefcTaBJeH 
Beraome 


Ta6Oauna 4 


Suauenun k= Wy .4/CyeyCy MPH pasHbIX TeMMepaTypax HW rayOuHax oKUCMeHUA 


BpemMa nocsie BOpoca, MHH. 
Pine: CpezH 
Cc 0 | 7,5] 45 | 30 | 45 | 60 | 90 | 120] 150} 180} 240! 240] 270] SHau. k 
442 4542 | LPS PRE oo RE Eog Tt Maal eat aoaeroul a 10| 4,24] 1,20] 1,22+0,: 
450 ANSON es ely ON ete | ee ISTE] Ue sent a | S| a ae ie 1730" 
457 3,79 | 3,83] 3,48] 3,45 | 2,76] 3,141 3,09] 3,13] 0,77| — | = | 2") sa;ee 


* 
CpemHee sHayeHue Rk BbIUHCeHO 110 JaHHbIM oKHCMeHHuA Do 90 MHH., Tak Kak TT 
Temnepatype 157° nanee HayMHaeTCA OCMONeHWe M KMHETHKA peakIHY CHbHO UCKaxKaeTC 


Tak Kak Wyeu/Cuey = W,/C, T. e. CKOPOCTh OKHCAeCHUA BCero WuKAOre 
CaHOHA ITPONOPIMOHAaJIbHa CFO KOHILCHTPallMM HeE3aBHCHMO OT NOpAAKa stow pea 
UMM, TO Cc yueTomM ypaBHeHua (1) nomyuum: 

2 
WO me ( 
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. €. POPMAJIbHO OKHCeHHe WHKIOreKCaHOHa B Cpee OKHCAAIOWerocA LLHKsI0- 
ea ONHCbIBaeTCH YPpaBHeHHeM peaKWMH BTOporo MopsAKa. 

| PaccMorpuM, KaKHM OO6pa30M 93TY KMHeETHYeCKYIO 3aBHCHMOCTb MO?KHO 
/SbACHUTS, HCXO2A W3 MIPeAMONOReHHA O TOM, YTO B PeaKIHH OKUCCHHA WHK- 
oreKCaHa OCHOBHad YaCTb BbIPOACHHBIX Pa3sBeTBJICHHH IpoTeKaeT Yepes Mo- 
NpeCTBO IWMKJIOreKcaHoHa. 

MosekyJbl WHKIOreKcaHOHa B Cpefe OKHCJIAIOWerocA WuKoreKcaHa MOJ- 
HepraioTcsA aTaKaM CBOOOMHbIX WMKJIOreKCHJIMepOKCHAHBIX PaMKaJIOB, Bey Xx 
|SHCAHTEMTb HBIe wenn. B pesyibTaTe 3Toro NPOMCXOMMT OTPbIB ATOMOB BOLOposa, 
HACTIOJIOXKCHHHIX B a-MOMOKHHU K KETOHHOM rpymme: 


<7 DOF RO. ROH +X» = 
Ce eon eee 


BosHukatoulu KeTOpasuKad B Mpolecce paga ObICTpbIxX NpeBpalleHu oOOpa- 
pyeT &-KeTOrHAponepeKucb, KOTOPaA JerKO pacnayaeTca, Kak 3TO OblIo TlOKa- 
paHo IIputikossi (8), c o6pa3s0Baniem iti aJ|MNHHOBOH KHCJOTHI: 


ees eles 


00 OOH 
via MOB, > 
3.€ = O+HR> C = O+R: 
OOH % 
ey 4 v4 
4.€ P= 0 HOO — (CHa ec (R’CHO). 
O 


Tlonyanbyeruy aqMMmMHOBOM KHCJIOTbI, KaK H BCe aJIbervfbl, upesBblyalHo 
MerKO NOMBepraeTcH peaKIMW OKHCJIeHHA C OOpas0BaHHeM allWJIbHOM ruypo- 
MepeKHCH, KOTOpad HeMeJIeHHO paciiayaeTca, aBad Ba HOBbIX pajMKavla: 


5. R’CHO + R- > RH + R’CO 


00. 00. OOH 
to VA Ve 
6 RCO O,> RC arson + HR RC 
X 
SS a5; O 
OOH oF wi OH 
Vi v ia ny, 
8. RC a RG On 1 Qf ORH> RICO + HAO +2R. 
\ \ ; s 
O O #6 O 


_ TlocaeqopatesbHocTb peakuui 1—9 mpotTeKaeT HacTOMbKO ObICTpO, 4TO 
B pearMpylonleli CHCTeMe OTCYTCTBYIOT H3MepHMble KOMUeCTBa THAporepeKucu 
WMKNOreKcaHona, NOsyalbAerua M MepawMNMHOBOH KHCJOTHI (°). C ypyrou 
CTOPOHBI, BHAHO, 4YTO B pesysbTaTe BCeX STHX peak Mbl Nowyyaem 
B3aMeH OHOrO M3pacxOqoBaHHoro paguKama ROO- Tpa HOBbIX pafMKasa 
R-, KOTOpble COCAHHAIOTCA C KHCJIOPOJOM: 


~ 


| 10. R- + O2— RO»: 
41. 2RO,— o6ppr, 
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Tak KaK CKOpOCTbIO HavasbHoro 3apoxjeHHA CBOOOAHEIX paHKaJIOE 
B Pa3BHBUlelicA peakIMH MOXKHO TpeHeOpeyb, NO CpaBHeHHIO C 3apO?KJeHHeM 
3a CUCT pa3BeTBJIeHHH, TO MOCIIeLHIOIO MOXKHO IpHpaBHATb K CKOPOCTH OOpbl- 
Ba. Ec OTcyTcTByIOT KakHe-IH60 noOounble peaKWHH MOJIeKyJAPHOrO pac- 
XOJOBAHHA KeETOrHAporepeKuCH HM MepaHNWHOBOK KUCJIOTHI, TO CKOPOCTE 
PpasBeTBJICHHA JOJDKHA ObITh PaBHa CKOPOCTH OKHCJIeCHHA WHKJOreKCaHOHa ¥ 
olpefesnerca CKopocTbio peakiwun (2), KOTOpad mpakTHYeCKH He UJeT B OOpaT- 
HOM HallpaBJieHHn: 


W pas F W <— ky (C,H, 0] [O,]. (3) 


B o6mem curyyae 3a cyer NMOOOUHBIX peakKIUMH CKOPOCTb pa3BeTBJIeHHA 
MeHbUIe CKOPOCTH OKHCeHHA IWuKoreKcaHoHa. Tlomaraa, 4TO Wpas = We, 
rae <1, H MOsb3ysACb MeTOMOM CTallHOHapHbIX KOHIeHTpaluH, momyuaem 
culetyroulee BbIpaxKeHHe JIA CKOPOCTH OKHCJIeHHA WMKsIOreKCaHOoHa: 


WV. = BARS [CeHaoO]? [Oo]? (4 
ta ha Teor R One 
uk, [RH] + &2 [Os]} 


Kak Mbl BHMM, paCCMOTpeHHad CXeMa IIPHBOJMT KO BTOpOoMy TOpsAyKy 
WIA CKOPOCTH OKHCJICHHA WHKJIOreKcaHOHa, TO cOrslacyeTcA H C 9SKCHepH- 
MCHTAJIbHbIMH JaHHbIMH. Bpipaxkenve (4) faeT Take 3aBHCHMOCTb CKOPOCTH 
OT KOHIWeHTpalHH KucNOpoya. VM3BecrHo, 4uro 9Ta 3aBHCHMOCTb HOCHT mpe- 
lesbHEI ~Xapaxktep (2°) u mpegen stor mexuT oxono | atm. [pm maspix 
MapllWasIbHBIX JlaBJIeHHAX KUuCMOpoga k,[O.] << ki [HR] wu We Oyyer mponop- 
WHoHabHO [O,]*. I]pH BblcoKHX KOHIeHTpaluAx KHCOpOsa NOJyIHM 


2 


bk 
Wor ma (GAO lz: (5) 


B nalmx onpirax napuvasibHoe jaBsleHve KHCIOpofqa paBHoO NpHOwHsH- 
TeJIbHO 4 aTM. H, MO-BHXMMOMY, HMeeT MeCTO CJIyYaH, KOra CKOPOCTb OKHC- 
JIGHHA He 3aBHCHT OT KOHILEHTpallHH KHCOposa. 

Ecau paccMorTpenie, nojgoOHoe M3JIOXKeCHHOMY, TIPOBeCTH NPHMeHHTEJIbHO 
K CKOPOCTH OKHCJI@CHHA MeYeHOrO IWHKJIOreKCaHoHa, TO JIA OObUIMX aBsie- 
HHH KHCJIOpofja MbI MOJTyuuM: 


okt oki 
W meu i ba [CoE Oles E [CeH yO] = Ree (CeO. 


yYTO COBMayaeT c (1). 


Orcioga k = dk3/k,,. Tak kak KOHCTaHTAa PeKOMOMHALHH payuKaJIOB, Kak 
mpaBusio, He HMeeT TemulepaTypHoro xoga (Ey, ~ 0), To Temnepatypuplli xog k 
MpakTHYeCKH IeJMKOM OMpefeiseTcd SHeprveH aKTHBaHH peakuuu (1), 
mph stom E£=2EF,. VWs wammx annex E=24 xkkall/Momb, oTkyla 
£, = 12 xkau/Momb. Huskaa BeawuvHa 9sTOu 9SHeprMH aKTMBalluM BIOMHE 
corlacyeTcAd C XapakTepOM 3JleMeHTapHOH peakinH (1). 


Mockosckui rocylapcTBeHHbIli yHMBepcuTer Iloctynuuio 
um. M. B. Jlomoxocosa 27 1 1959 


UHMTMPOBAHHAS JIMTEPATYPA 


all B. Bepesuun, E. T. Teuucos, H. M. Smanyous, COopa. Bompock 
XHMMHeCKOH KHHETHKH, KaTaJIH3a W peaKUMOHHOK CnocoOxoctu, M3q. AH CCCP, 1955, erp. 273, 
W.B. bepesns,biol. ea atnes H ap., K®X, 31, 554 (1957). 3? 10.K. lIOpbes 
IIpakTuueckve paOorb! lo opranueckoii xumuu, B. 2, Man. MTY, 1957. 4 Leithe, Anal 
Chem., 23, 423 (1951). ©. B. Bepesuu, J.C. Baptanan, H. © Kasaet 
ekaa, Bectu. MIY, cep. xum. wayk, Ne 2, 61 (1956). ®H.B. Be pe3uuH,H.®. Ka 
s3auHuckada, JIAH, 126, Ne 3 (1959. 7H. B. Bepesun, JI. C. BaptaHsau 
B.T. Waaurues, H.® Kasauckxas, H. M. 9MauHyoub, DKypu. dbus. xumMuv 
31, 340 (1957). +8 W. Pritzko w, Chem. Ber., 87, 1668 (1954). ®HW.B. Bepesun 
E.T. Heuucos, JAH, 97, Ne 2, 273 (1954). WHT. Kuoppe, 3. K. Mais 
H mp., Yer. xuM., 26, Ne 4, 416 (1957). 
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Jloknxann Akayemun nayr CCCP 
1959. Tom 126, Ne 4 


PH3SHTECKAA XHMHA 


r. B. MAHEJIMC u ®. H. JYBOBHLKHH 


TEPMHYECKOE PA3JIO)KEHHE B3PbIBUATbIX BELJECTB 
HWOKE TEMITEPATYPbI MNJIABJIEHUS 


(ITpedcmaeneno axademuxom B. H. Koxdpameesoim 16 I 1959) 


_ Wsyyaa tepMuyeckui pacnall Terpuja HwxKe TemMnMepaTypbl mvlaBseHua, 
HDapmep (*) m0Ka3aJl, YTO KOHJeHCHPOBaHHble NPOAYKTbI peakWMN passoxKeHnA 
‘eTpHsia pactBopsioT ero. Torga xe XHHUeIbByJOM (*) Obl MpoBeyeH MaTe- 
MaTHYCCKHH AaHaJIM3 PeaKILMH Pa3sJIOKeHHA C YYETOM NOABJIEHHA RKUAKON Pasi 
B mpolecce pacnayla. OqHako pH BbIBOJe ypaBHeHHA XMHWEIbBYL Clea mpel- 
HOJIOKEHUA, B3AHMHO HCKIOUAaIOWUIHe Apyr Apyra. Tak, BbIyHCIAA COOTHOMICHHA 
‘BepyOH WH *XUAKOH (has B Mpolecce pacnaya, OH MpHHA (No 3akoHy Pays), 
ka IIpH NOCTOAHHOH TeMnepaType KOHIeHTPallHH BelleCTB B XKUAKON dase, 
HaXOJAWLeEHCA B PaBHOBeCHH C TBePAOH, NocTOAHHBI. BMecte c TeM pH pacuere 
IKOHICHTPallHH KaTaJiM3aTopa B XKUAKOK dbase XUHWEbBY NOOK ee Mpo- 


SHaunTembHO m03%Ke Boyn (*) paccmotpe pa3ioxwKeHue opraHHyecKux 
3. B. IPH HaJIMUMH «nO_MmaBeHHA B XOJe peakI\HH» B Mpocrteliliem c1yyae 
BYX MOHOMOJI€KYJIAPHBIX peakWul. 
B HactosmelH paOoTre paccMaTpuBaloTcnd pa3JIMUHble Clyyaw pacnaya TBep- 
bIX B. B. C YYCTOM MOABJICHHA KUAKOH (paspl. B JasibHevwiem BCIOAy mpemno- 
MaraeTcA, YTO HCXOMHOE B. B. PpacTBOPHAeTCA B MpOAyKTaX peakUMM HM TepMOLH- 
“aMMYeCKOe PaBHOBecHe TBEPpaA — %XuAKanA (pa3bl ycneBaeT yCTaHaBJIMBaTbca. 
CJI€OBaTeJIbHO, OTHOWIE€HHeE KOHUCHTpalluH MCXOMHOTO BeLlecTBa CB WM Mpo- 


WIYKTOB peakIlMn Ca B X%KHAKOH dase a = CB A [Cn =B / a BeHUHHAa M0- 


;eTOAHHAA IIpH MOCTOAHHOM TemMMepaType HM He 3aBHCHT OT rJIyOMHbI NpeBpa- 
\j oi JO MOMe€HTa HCUe3HOBeHHA TBEPAOH a3bl. 

Boban 

| IBRYT non 

| IIpu yesospuu, ro MIOTHOCTh MpOfyKTOB peaKItMH MaJIO OTMMYAaeTCA OT 
innornocTH HCXOJHbIX BeIIeCTB, MOXHO 3alvcaTh Ay = By(1—u), rae 


[nyOuHa npeppauleHua yj paBHa 


| Vere 0 
by 4 A" (ryOuna u3MeHeHuaA OObeMa Mp TOMHOM pasvloxKeHHH); By— uc- 


U 
i] Hay 
JXOMHOEC KOJIMUCCTBO B.B.; Ay — TlouHOe KOJIAUECTBO KOHJCHCHPOBAHHbIX IIpo- 


YKTOB peakunu. KomnuectBo BemectBa B B TBepyoK dase By, = B— By. 
Jo MomMeHtTa nowHoro pacrBopesut A= By(1 —p)y; Bx = Boa(l —p) 4; 


dB 1 aA 


FF a eH CBP TF haC a, One = Br Bro + haBre 


Tle Urz H Ux — OObEM, COOTBETCTBEHHO, TBeEPAOH HW %XHAKOM (pas. 
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3aBHCHMOCTb CKOpOCTH OT TJYOHHbI WpeppalleHHA aeTcs 


BbIparKeHHeM 


1 ky (1— 4) — ha (1 —p) q+ ka(l—w) a= 


=k, + [a(1—p) (ke — kx) — Ail 1 (1 


O6osHauns a(l —p) (kp — ky) — ky = km, NOYIMM 


St = hy + mt 


(la 


IIpu a(1—p) (kp — ky) > ky Ry > ky CYMMapHaxd CKOpPOCTb peakWMu Oy 
jleT pacTH MpoOnopuwoHabHO TwyOuHe TpeBpalleHHA MO MOMeHTa ITOJIHOFC 
pacTBOPeHHA HCXOHOFO BelllecTBa B MposyKTax peakwHH. Ilocsie MomeHTa Tos: 
HOPO paCTBOpeHHA peakilHa OyeT MpoTeKaTb 110 OOblyHOMy ypaBHeHuto | -r¢ 


nopsqKa 


at = hy (1-9). 


Tpepyaa casa ucuesaeT pH riyOuHe NpeBpalleHHusa 7 


4 


Bis! 0 Bg eee ee lee eee ae (2 
B sToT MoMeHT ky + Rm = ky (1 — 71’). 
YpaBHeune (la) pH HHTerpHpoBaHHu jlaeT 
hi + Ry 
loa C= site an ‘ (3) 


KuneTuueckHe KpHBble, BbIUHCJIEHHbIe MO ypaBHeHHIO (3), HMe€IOT APKO BBI- 


M0 ir ) 


\ | il 
\ | 


80 


60 


40 


20 


Puc. 1. SaBucumocTb ckopocTH pe- 
aKIHH OT PIyYOMHbI MpeBpalllenun, 
BBIUHCJICHHaA MO ypaBHeHulo (1) mpu 
ky =1, kp = 100, »p = 0,9. Tlapamerp 
a papeH gaa J 20, gan JJ 104 aaa 
III 5. Upsmaa JV mpospezena no 
ypaBHeHwio peakwHH 1-ro mopsyqKa 


paxkeHHyto S-oOpa3suyto cbopmy (pv 3HayeHHEL 
a (1 —p) (ky — ky) > hy). 

XapakTepHbli Bu WMeeT 3aBHCHMOCT 
CKOPOCTH OT Tu1lyOHHbI TpeBpalenua (puc. 1) 
BHIUHCJIGHHadA 110 ypaBHeunto (1) u KaccHyec: 
KOMy YypaBHeHHIO peakuuH 1|-ro nopsyKa 
MakcuMaJibHad CKOpOcTb JOCTHraeTCA B 9TON 
cayyae B TOUKE NOHOTO pacTBOpeHuA Mpt 
anne 

B Tom cayyae, KOorgqa KOHJe@HCHpOBaHHbk 
NPpOAYKTbI pa3sJlo%wKeHUA MOTYT BbICTYNaTb 1 
KaveCTBe KaTaJIH3aTOpOB, BblpaxkeHHe Is 
CYMMA4PpHOH CKOPOCTH peaKIHH Hao 3allucari 
CJIELYIOWUM OOpa3om: 


= iE em 
dia 


i—w dt = 
= k,Cg_ Ure + koCp, Ox + ReCp Ca, Ux = 
— ki Bry Sie koBx ae RsBxCa,.5 


Ca,,— KOHIeHTpalluaA KaTaJH3aTOpa B %KUAKOH tase; Ca, = 4A/ Ux; % — NOM 
KaTaJIM3aTOpa B KOHJ@HCHPOBaHHbIX MpOAyKTax peakllnH; 
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A(l 4a); 


ef 
Cy = Toa: 


TakHM OO6pa30M, CKOpOCTb peaKUHH JO MOMeHTa NOJIHOrO pacTBOpeHHA B 
yuae KaTaJIH3a KOHEYHbIMH KOHJCHCHPOBaHHbIMY TMposyKTaMu OyyeT ompeye- 
TbCA meer 


kga (1 — 
OI by + [2a (1 sbi et — ya (I —1)—-hy] 1s 


' * (3) 
a a 
ksa a Rea (L—p)a 
sa (1—p) + 
— BeJIHUHHA, 3aBMCAIad TOJbKO OT TeMMepaTypbl H MOCTOAHHAA B Mpollecce 
pa3sioxwKenna px ¢=const. Cyeyopa- 
Al ] TeJIbHO, H B CJlyuae KaTaH3a KOHeUHbI- 
ie = MM KOHJ@HCHpOBaHHBIMH poxyKTaMHu 
nloylyuaeTcaA BbIpaxKeHHe, aHasOrMuHOe 


S 
S 

No 

sy pp ‘ 
S 

3 

S12 

So 

ad 

S 


Uiaia et 
Puc. 2, S3aBHCHMOCTb CKOpOCTH pe- Puc. 3. SaBHCHMOCTb CKOpOocTH peakUHUu 
akUHH OT YTayOMHbI Mpeppalllenus, OT ruIyOHHbI MpeBpalleHHa, BbIUMCeHHas 
BbIUHCIeHHaA MO ypaBHeHHio (4) mpH m0 ypaBHeHulo (6) mp ky = 1, ko = 100, 
Rano — 20M ed —— TOO — O49) » = 0,9, a=10. Ornomenue T/Bo aaa 
Ilapametp a papen ana J 20, aaa npamurx J, IJ, III, IV cooTBercrBeHHO 
II 5, gaa II] 2, nan IV 1. Kpupaa papHo 0; 0,01; 0,025; 0,050. Tpsamasa 
V mpoBegzeHa no ypaBHeHuto (5) Asa V mpoBezeHa 0 ypaBHeHuio peakiNu 
peaKUHH B %KuAKOK (base 1-ro nmopayka 


jpaBHennto (1) Aa peakuui, MpoTeKatoujMx MO 3akOHy Tepsporo MopsAyKa: 

| dn, : 

| p= a + yn (4a) 
‘papHenve (4a) oTMuaeTca oT (1a) HHbIM 3HayeHHeM Ry, 

_ Tlocme MomMeHTa nojiHoro paCTBOpeHHA kOTOpoe HacTyMaeT Tak?Ke TMIpH 
iq aa 4 

ip ep) i’ 
it ae (*) WA CYYaA ABTOKATAJAHTHYECKOTO Pa3JIORKeHHA KUAKHX B.B. B YCJOBHAX 
HepeMeHHOrO OObEMa KOHJeCHCHPOBaHHOH cpasbl: 

d Ape 

Th = hy (19) + bya (1p) FO (5) 
| SaBHCHMOCTb CKOPOCTH peaKUHH OT TIYOMHbI MpeBpalleHHA, BbIUMCeHHAaA 
O ypaBHeHuam (4) u (5), mMpemcTaBneHa Ha puc. 2. M3 pucyHka BHHO, YTO 
JaKCHMaJIbHad CKOPOCTb peaKUHH MOXKET JlexKATb B TOUKE TMOIHOFO pacTBope- 
WA UCXOMHOFO BeMleCTBa HJM 1032%Ke, IPH MpOTeKaHHH peaKIHH y2xKe B OTCYT- 
TBHe TBEPOH (aswl. 

SHaUHTeJIbHBIN MHTepec NpeCTaBJAeT BJIMAHHeE MpHMeceH, Wake XHMMMYECKH 
HEPTHbIX, KOTOpbl€e MOryT YBeJIMYUHBATb CKOPOCTd pa3JIO%KeHHA B.B., Tepe- 
JONAH “acTb ero B XKHKY!O cpagy (B TOM CJlyyuae, ECM TeMMepaTypa SBTCKTHKH 
JACTEMbI HCXOJHOe B.B.— MHeEPTHad AOGaBKa e2xKAT HWKe TeMIepaTypbl OMbITa). 
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TIpOWecc PasJIOWKCHHNA NOMYWHACTCA YPaBHEHHho, MOJIYYeEHHOMY 


CkopocTb pa3sloxKeHUA H B 3TOM Cuyyae OyeT paBHa CYMME CKOPOCTeH B TBE} 
oH W X%KUAKOH (basax (B TBepAOH HM %KUAKOH chaszax MWpoOTeKalOT MOHOMOJICK) 
JIApHble peakiLHH) 


W = k,Cp. 0m + koCp, 0x = ki Bry + ReBx, 
T —uneptHad 200aBKa; 
Ox =A+Be+T, A=Bo(l—-¥)y 
By = By(1—p)an+Ta, Brs = By— Bon— Bo(1— pv) aq—Ta, 


B 
re a= we (pacTBopuMocTb BeuecTBa BB T wu B cMecax A+ T nlocTosHHa 


CkopocTb peakiMH Kak (yHKIMA TyOMHbI MpeBpalleHuaA MOET ObIT 3 
mcaHa CJIeyIOUlMM OOpa3soM: 


Tah + (bo — a) a + (LB) a he — fs) — Ba 9 ( 


km 


TakuM O6pasomM, HM B 3TOM CJly¥ae CKOPOCTh pa3sJIOXKeHHA MIPAMO NpoNMOpUN 
HaJIbHa rvlyOMHe MpeBpallleHHA JO MOMeHTa MOJIHOrO pacTBOpeHHA, MOCIe KOT’ 
poro mafjaer no 3akony l-ro nopsayKa, a HavaJibHadA CKOPOCTb MpAMO Nponoj 
IIMOHaJIbHa KOJIMUeCTBY OOaBKH WIM MpHMeCH HM PaCTBOPHMOCTH B HEH UCXO; 
Horo B. B. (pHc. 3). 

B To culy4ae, KOra pacTBOpUMOCT» B. B. B HHEPTHOH AOOaBKe H B MpOyKTe 
peaKUHH pa3sIM4Ha, JIETKO MOJYYUTb COOTBETCTBYIOULYIO 3aBHCHMOCTb pactTBK 
PHMOCTH OT COCTaBa CHCTeMbI HW BOCIIOJIb3OBaTbCA C10 IPH BLIBOZe ypaBHeHuA (6 

B Touke noJIHOrO pacTBOpeHHA HCXOAHOrO BelleCTBa B MpOMyKTax peaKkiy 
uicue3aeT TBepfaa (pasa UW M3MeHAeTCA 3aKOH MpoTeKaHHsA peakunHn. M3pectH 
4TO [VIA HeasIbHbIX CHCTeM 

ee DT ard) 
RY on 4 
tae N — MOuApHad QOJIX pacTBOpeHHOrO BellecTBa; h — TemloTa MlaBJIeHH: 
Tua — TeMMepaTypa muaBuleHua; T— Temnepatypa onbita. CreqoBaTesbH 
Ha OCHOBaHHH ypaBHeHnsl (2) rlyOMHa NpeBpallleHHA, MPH KOTOPOH mpoucxont 
MOJIHOe PaCTBOPeHHe, YMeCHbINaeTCA C NOBbILIEHHEM TeMMepaTYPbl MO 3aKOHY 


{ ( eon 
po TaN Se eo ri oe 
1—pN A(T, — )) 
een SS 
p exp Ries 


Takum 06pa30M, Ip mpesmonoxKeHHH O06 ycTaHOBJIeHHH TepMOJMHaMH4 
CKOrO paBHOBeCHA TBepJat — *KuKaAd (basa B CHCTeMe pa3JlararlollleecaA B3PbI 
YaTOe BelleCTBO — MpOMyKTbI peakUMH yalocb NOWYYMTh ypaBHeHUA, KOT 
pbl€ OMHCHIBalOT B OCHOBHOM ABJICHHA, HaOvOMaloulueca Mpu TepMHyeCKOM pa 
JIOWKEHHN B. B. pH ¢ HMKe TeMMepaTYPHI MWiaBseHHusA.- 

Heo6xoJuMo OTMeTHTb, UTO B PeaJIbHbIX CHCTeMax MOryT HaOlOaTben Gow 
CJIOAKHBIC CIYYaH, CBASAHHbIe CO CJIOXKHbIM M€XAHH3MOM IIpoTeKaHHA XMM 
CKOH peaKUMM pacmayla. OqHakO Bcerfa HeOOXOAMMO paccMaTpHBaTb BO3MO? 
HOCTb MIpOrpecCHBHOPO PacTBOPeHHA MCXOAHOFO B. B. B MpOMyKTax peakiMuce 
OTBETCTBYIOIHM H3MCHEHHeM KMHeETH4eCKHX 3aKOHOB MIpOTeKaHuA peaKIHH. 


VUuctutyt xumMuueckol dusuKu Ilocrynusto 
AkajlemMuu Hayk CCCP 29 XII 1958 


UHMTHPOBAHHAA JIMTEPATYPA 


1 Farmer, J. Chem. Soc., 117, 1603 (1920). %C.N. Hinshelwoo d,, J. Ghie 
Soc; 119,°721 (1921)" "2 CoE HB aw Chemistry of the Solid State, London, 1955, p. 2é 
Meese AyOosunkui, Tl. B. Manenuc, A.T. Mepxauos, JIAH, 121, 6 
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Aokrnann Akagemunu nayrx CCCP 
1959. Tom 126, Ne 4 


PH3HTECKAA XHMHA 


Ujaeu-koppecnongent AH CCCP C, 3. POTMHCKHM 
MHETHKA NOJIYNPOBOAHUKOBOrO KATAJIHM3A TPH KOHTPOVJIE 
‘ - XEMOCOPBLLMEN 


| | OKcrepAMeHTaJIbHBIC paOoTbI NOCeqHAX eT MpHHeCIM MHOTO NOATBepxKIe- 

[H POJIH 9JIEKTPOHHBIX PaKTOPOB B KaTaJIH3e MU CYLUIECTBOBAHHA B OKHCJIMTEJIb- 
;-BOCCTAHOBHTEJIbHBIX PeaKUHAX Ha MPOJLyMpOBOAHHKaXx (N-mp.) cBoeobpas3- 
li 9JIEKTPOHHBIX M€XaHH3MOB. OHakO B paMKaX CYIeCTBYIOULMX KOHIMenWui 


iL eae B KHHETHKe 9THX PpeaKUHH. ITO clesaso KeTaTebHbIM paccmor- 
Hue nocwleqHeH 6e3 NPOWSBOJIbHEIX NOMYIeHH O HaNMYHH BO BCeX CJIyYaAX 
| KaTaIM3aTOPOB MpHMeCHOM MpOBOAMMOCTH HM OO y¥acTHH B XeMOCOpOILHH HM Ka- 
IM3e OJHHX JIMUIb CBOOOMHBIX HOCHTeIeH TOKa — JbIPOK HW IJIEKTPOHOB. 

B jaibHeliiem MbI OyJleM CUHTAaTb, YTO: 

1) Il-mp., mpHMeHsemble B KaTasIu3e, MOryT HaXOJHTbCA BO BpeMA peakILHH 
(O6acTH COOCTBEHHOH, BbIPOKJeCHHOM MH MPpMMeCHOH MpOBOMMOCTH MH MpHTOM 
$k 3mekTpoHHoH N, Tak u AbIpouHok P (7, %). 

i, 2) B anementapHoM akTe KaTaJIM3a MOryT yUaCTBOBaTb IIpe€HMYI[eCCTBeHHO: 
\DPMaJIbHbIe YACTHIbI PeWIeTKH, ee MpHMecu, WeseKTbI CTPyKTypbl HM HOCHTeJM 
ibka. B 30HHOM MOJeJIM STOMY COOTBETCTBYe€T BO3MOX%KHOCTh YUaCTHA B KaTa- 
i3e: a) CBA3AaHHbIX 9JIEKTPOHOB BePXHHX YPOBHeH BaJeHTHOH 30HbI (Val); 
TpIlpok @; B) HesaHATHIX ypoBHelt (L) HH3a 30HbI IIpOBOAHMOCTH H 1) ee 
{060 JLHBIX aNEKTPOHOB ©; i) MOHOpHBIX (cd) H e) aKWeNTOPHbIx (a) pumec- 
DIX YPOBHeH peilerku, a TakKe d* 4a; 2%) MOBepxXHOCTHBIX ypoBHeli Tamma 
m), 3) YPpOBHeH BeLLeCTB, PaCTBOPeHHbIX B IIPpHNOBEPXHOCTHOM CJIOe MIM a- 
ppOupoBaHHplx Ha MOBepXHOCTH, OOJaalollHX AKUCHTOPHbIMH HWJIH JOHOPHbIMU 
BolicrBaMH (°). 

3) UacTb 9HeEprHH CBA3H MOJI€KYJI C MOBEPXHOCTbIO HMeeT KOBaJICHTHBIM  Xa- 
MAKTep HM pa3HOCTb SHEP ypOBHel, MexKY KOTOPbIMH, NpOuCXOyUT nepexoy 
MeKTPOHA IPH XeMOcopOuMH, IpescTaBAeT TObKO YaCTb ee TEIVJIOTHI. 

| Tlo 3axoHam cTafqMMHOw KHHeETHKH CBOeOOpasHe MeXaHH3Ma II-llp. KaTasH3a 
MOXeT HPOABIATbCA B KHHETHKE pH KOHTpOse AuddpysveH UNM OTBOJOM 
Ila. ITH MPOABJICHHA OJLKHbI ObITh OCOOCHHO XapaKTepHbIMH IIpH KMHETH- 
CKOM pexKMMe, COGOIOZeHHe KOTOpOorO Tpemnosaraerca pH NocwesyIouux 
mAccyKeHHAX. CmelwHpuKa I-lp. KaTasIW#3a MOKeT MPOABJATbCH B yuacTHH 
IIPeMeJICHHbIX 3JIEMCHTOB CTPYKTyPpbl H 3JIEKTPOHHbIX yPOBHeM, XapaKTepHbIXx 
IA TI-lIp., H B JlOKaIM3allMH 3JIeKTPOHA WIM JbIPKM Ha aCOpOHpoBaHHOH Mo- 
HeKy ue (A°, AB* uv. 3.) (3). asa spwoga OTMpaBHBIX KHHETHYeCKUX ypaB- 
HeHM Halo COCTaBHTb BbIPaxKeHHA JIA PaBHOBeCHOH KOHWeHTpalwun C* mepe- 
joqHoro Kommuekca ([k]) Yepe3 KOHIeHTpalWH AKTHBHBIX WeHTPOB, CBOOOJHBIX 
aj\cOpOHPOBaHHbIX MOJICKYJI C YYETOM BO3MOX%KHOCTH H3MCHEHHA 9HEprHlt o6Pa- 


y 


'TOM cleqyer YUUTbIBATh JONOJIHUTCJIBHBIE PaBHOBeCHA Ce SJIEKT- 


(PaBKOM Ha JMMOJIbHbIM MOMeHT HAXOJMTCA 10 H83MeCHEHHIO padorTel aia ana 
JOXpaHeHHA MpPHBbIVHOH (PopMbl 3aKOHa JCHCTBYIOWIMX MaCC HM NpOUMX 3aBH- 
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alOUlAXCA 9JICKTPOHHbIMH TepexoaMH BHYTpH pellleTKH HW Ha €€ IOBePXHOCT 
JlOCTaTOUHO 3aMeCHHTb B OTMPaBHbIX BbIpayKeHHAX THOOCOBbI XHMHYCCKHE TIC 
TeHUMaJIbl Ha SCKTPOXMMMYeCKHe ToTeHIMaEl y= p+ V (V—sneKTpuyer 
Kui noTenmnas) (°). PaBnosecue Jk] oTmMuaeTCA OT OObIYHBIX XHMHYCCKUX Pal 
HOBeCHH 3aMeHOM B SHTPONMHHOM MHOMKUTee OMHOM M3 CTATHCTHYCCKUX CYM 
MHTerpasiOM HO HyTH Nepexoga. Sto nosBosaer paciipoctpanuTp BbIBOA MoTTK 
H Ha paBHopecue OOpagsoBaHua Jk] rereporesHoro KaTaiM3a. PaccMoTpHM He 
o6patumbili mponecc A-+ B-» AB, nporekatomMi mo cxeme 


yy 
are AByen marta AB, ¢ 


2 3 i 


A> Axeu 
1 


B KOTOPOM KOHTpOJIMpylolleH MOxeT Oplrb Ju0Oad U3 CTaquh. | 

Pay, ocoOenHocTeli KMHETHKH I-lIp. KaTasIv3a OOHapyKUBaeTCA ye B IPC 
cTefilueM CJlyyae peaKILHH, MpoTeKalollei NO KOHTpOseM XeMOcOpOMMH OAHOF, 
M3 MCXOMHBIX BellecTB, HalpHmMep A. CocraB ]k] ompemeHTCcA KOHEUHBIM pe 
3yJIbTaTOM 9TOM CTaWH HW THOM AKTHBHBIX WeHTPOB, y4AaCTBY!OINX B afcope 


Mun. Tak, IipH KOH€YHOM )pe€3yJIbTAaTe 1 Mes JJId KHMHETHKH TYTH JOCTHKCHH 


sToro pesysprata: A4+-tm; A+tm™; A-+duA-+ Val uHepaBHomenun. Ta 
rpyntbl i-X OMWHAKOBbIX yUaCTKOB CKOPOCTb MOxKeT ObITb BbIPaxkeHa ypaBHE 
HUeM 


w; = — dny,/ dt = — bd [A], / dt = bd [AB] / dt = vsK# [X,] [A], (1 


rye na —uucs0 Mosekya ABOObeme; [A] — ux KOHUeHTpalua; [AB] —To x 
WIA MOJeKYJ Mpolykta peakyuu. B Koaddunuent b BXOHT OTHOLIeHHeE MO 
BEPXHOCTH S K OOBeMy peakTOpa; v—-uacToTa IpeBpajeHnuA Jk] B 3aBepileHH 
X€MOCOPONPOBaHHble MOJIeKyJIbl; [X;] — KOHUeCHTpallua /-X WeHTPOB, BXOJAULH: 
B |k[ ; XK#}—xkoncranta papyosecua |k] us ypaBHenua (2a): 


K# = exp[(RTY?(— Filyy_9 —eavi te SAV)] = 
= exp RT)? (— FP) = KaM,, (22 


rye 


M, = exp [(RTY#(eAV# +e 1 AV) ]. (2¢ 


Snecb Fé (AV = 0) — cBoOogqnas sHeprus O6pazoBaHna JK] mpu AV = 0; AVF — 
aJeKTPHYeCKHH NOTeHMas NOBepxHoOcTH, OOycaoBeHHbIH [K], a >) AV —on xe 


CO34aHHbIH BCEMM 3aBeplleHHO ajcopOu“poBaHHbIMH MOJleKyjamMu. 3Hak > Al 
MOXKeT COBMAakaTb WIM He COBNaqaTb co 3sHakom AV;*. Tloxa Jk] — equucrser 


Hbiii HCTOUHHK saps>KeHut e )AV=0, uno mupa AF*S RT eAV* ouen 


MaJlO, HM NOSTOMY B ypaBHeHun (2) M,, BbIparkalonjee BIMAHMe 3apAxKeHHOCT 
Ha CKOpOCTb, O1M3KO K eHHUIe. SapaxKeHHe NIpH saBepmieHHos xemocope 
IMM — O\Ha H3 PHYA pocTa HaOmoOAaemMoh SHeEpruu aKkTHBalnun E y CaMOTOT 
MO*KeHHA. Tlo namuM JaHHbIM, IA KYMMYyATHBHOL XeMOCOpOLHA THOM 
JMHeWHad 3aBucumocTp Ag or 9, T. e. 


eAo ~_ 9, (32 


a [IX Je€NeTHBHOH acopOuMu, KpoMe camoro Havana, norapudmuuecKas 3% 
BHCHMOCTb (°) 


eAp=i In. (3¢ 
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IIpunss AV = Ag u nogcrasus Ag u3 (3a) u (36) B (2), Tonyuaem 


Miyraventon= eshis (4a) 


Mines (at ye figs, (46) 
a a’ =h/ RT; a/a' =q_ vu B=q*’. Ypapuenue (1) MoxHO TepenncaTb B BALE 
w; = vsKG; [X,] [A] Mo. (la) 


IIpu noctosuctBe Bcex MHOxKuTeeH, Kpome M,, ypapHenua (4a) u (46) 
DOTBETCTBYIOT AudepeHUMaJIbHbIM yPaBHEHHAM KHHETHKH XeMOCOPOIHH H OT- 
hBJICHHA Ha HeOMHOPOHEIX NOBEPXHOCTAX C PaBHOMePHbIM HM SKCHOHEHIHaJb- 
IM pactipenenenvem p(£) no E (*). Ilpa Konrpone xemocop6uMoHHo cTa- 
ne yepes M, Ha Ww; NO TOMy %Ke 3aKOHY, HO C HHbIMM A JOJDKHbI BJIMATb- 
POMIOHeEHTHI peakuHH (B u AB) uw mocroponnue semectBa (Y u Z) (pH coB— 
HCHHM 3Haka 3aps2KeHHA NOBepXHocTH HM MH Jk). Jima Bcex BemlecTB, Kpo- 
A, 9 MoxerT ObITb KaK HepaBHOBeCHbIM, TaK M paBHOBecHDIM. B noceqHem 
yyae pu muHeuHou caasu E c Q poct EF, o6ycnoBneHHbli ancop6unet, AE 
}O%KHO BEIPASHTb yepes Ppasn (‘) 


AE = —4Q = yRT In (P/%); 
Ms = exp(—eV / RT) = (P /m)-* =(P/%)-". (5y 


| IIpu copnagenuu 3Hakop Ag, uHpzyuupyempix A, Bu AB, B (la) nosBatcs 
3)-/% yw [AB]-’™, a mpu mpoTuBonosoxHocTH 3HakoB [B]¥”™ vw [AB]1/", 
eCMOTPA Ha OTcyTcTBue B wu AB B nepexoqHoM KommvieKce. CxOjHbIM OOpa- 
DM MoryT TloaBuTpca [Y]—1/" wu Y-V% vw tT. A. Iro ocoObi acopOuvOHHEli 
AN MOJIOKUTEMbHOrO HM OTPUIaTebHOrO MOZMduUMpoBaHHA (7, ®). Bxowxyenne 
OHWeCHTpallu B (la) B OTPHUaTebHOM CTeMeHH BO3MOXKHO HW Ha HeEOHOPO- 
DIX TIOBEPXHOCTAX Oe€3 3apAKeHHA 3a CUeT ONOKMPOBKH, HO MOJOMKMTebHBIE 
TeleHH C YCKOPAIONIMM BJMAHMeM BelIeCTB, He y4aCTBYIOWIHX B |x], crenyu- 
(MUNDI JIA BIIMAHHA Ha w, uepes AV. Crojb xe XapaKTepHa B3aMMHaad KOM- 
seHCalMA TOPMOsAuero M YCKOpsIOWero TelCTBH BeuecTB, HeCyIMX NpoTH- 
NOOXKHBIE 3apAL BI. DNeKTPOHHbIe MepexoMbl C 3apwKeHHeM TpaHl Npouc~ 
jOMAT HM MexKLY TBepAbIMM (basaMM, OSTOMY TaM, re HMeeT MecTO aycopOmy- 
IHHOe MOQMDUUMpOBaHve, MOXKHO OXRKMMaTb HM MUKporeTeporeHHoro MOAMpUMLA- 
OBaHHA WOOaBKaMH, M3MeHAIOULUMH JJeKTpHYeCKHH OTeHWHas MOBepXHOCTH.. 
[pu focTaTouHO BbICOKOH J{MCHepCHOCTH fOOaBOK ypaBHeHHA OJKHbI Hallo- 
wuatb (4a) u (46). [1a poOaBoK, paCTBOpAIOWIMXCH B pellleTKe, C H3MeHe- 
MeM @~ (KaK Hampumep Me* u Me**, pBogumpie B ZnO u NiO (°)) ecrecrBeHHo: 
DK aT OObeMHOFO MOAMMMpOBaHUA, CXOHOFO No Mpuposye HM sHaKy. Uactb. 
ibKIBOJOB, BbITeKAIOUMX H3 3apaAKeHHOCTH TOBeEPXHOCTH, IIPHMeHHMa HM K Me- 
JiaM. 

PaccMoTpuM BKDpaTIle KHHETHUeCKHe 3aBHCHMOCTH, CBA3aHHbIe C ApPyrHMu 


HomwuTenamu (la). Ke: npeacrapsinet 1pousBeyeHve sxTponuiinoro exp (-+S*/R) 
‘9HTambuMiiHoro exp (—Ej / RT) unenos. Sg Maso 4yBCTBHTebHa K 3aps2Ke- 


WiO TIOBepXHOCTH HM K M3MeHeHHIO SHepruu D wu TOMApHOCTH CBA3H. Ep a 
Tambliua oOpasopanua ]k] mpu0° K. Ipu sagqannol Bpenuunne D cBasel, pas- 
bIBAIOLAXCA H OOpasylOulUxca IPM peakHH, TeM HWKe, YeM OOQVIbIe NOwsAp- 
OCTb CBA3el, 3aBMCAWaA OT Oe, MpMXOAAUIMxcH Ha KYJIOHOBCKHM UM Tle- 
eCTaHOBOUHbIi wuTerpambl. B cumy 9Toro, KpoMe nmpsmoro BanaHHad AV na 


ry), NMOJ2KHO MMeTb MeCTO H3MeHeHHe F7*, BbisBanHoe BJIMAHMeM 3apsKeHuA 
a IOTCHUHAJIbHbI pesbed), BbICOTa MepeBaJIbHOM TOUKH KOTOPOFO OlpedesAeT EG 
apMKeHHe TOBEPXHOCTM BJIMAeT Ha HosapHocTs. Ipu HelirpasbHocTu [kat 
(beKTbI MOryT JlesaTbCAd OCHOBHbIMM. Uacrota v [id 3aps>KeHHbIX |k] H3-3a 
OHHEJIbHBIX TlepeXOMOB MOxeT oTMMYaTbCA OT RT /A MW W3MeHsITbCA C U3MeHe- 
vem D. Oguako pH mpvOnu2KeHHOM paCCMOTpeHHH OCHOBHbIX 3aKOHOMep- 
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HOCTeH 3THM MOXHO mpeHeOpeub. AV = Vp UpefctaBsiseT Pa3HOCTb S/IeKTPH 
yeCKMX MOTeHILMaJIOB BHYTPH II-lip. M Ha ero nopepxHocTH. Ip Masiom 4HcuIe tn 
WM YpOBHeH, CO3aHHbIX afcopOmuMel, KOHILeHTpallHH 3apAyKeHHbIX YaCTHIL e) 
©, du. 2. cBxA3aHMbI C UX KOHIeHTpalveli Ha MOBepXHOCTH Yepes (=I leV p/RT) 
rie /— uncIO 3apaqoB, H B KHHETHYeCKWe YpaBHeHHA MO?KHO TIpAMO BBOJUT! 
COOTBETCTBYIONMe OOBEMHbIE KOHICHTpallMu. ITH MoceqHve CBASAHbI Me2KT) 
co6oiit H C KOHMeHTpallHaMU HesapsxKeHHEIX uacTuy Val, d, au T. A. PALON 
OJBUXKHbIX PaBHOBeCHH, KOTOpble BCe BPeMA NO MepKuUBaloTcs. Tlostomy nC 
omHomy u3 [X;] MoxKHO paccuMTaTb Bce OcTaJbuble. HanpoTHB, Mp BbICOKO! 
KOHUeHTpanun tm mu OoubUMx MOKpbiTHax MOopepxHocTH [X,] emaeTcA HedyB 
CTBUTeJIbHOH K COCTOAHHIO OObeMa MI-Mp., H MOSTOMY CJlefyeT TIpiMoO paccMaT 
PHBaTb MOBepXHOCTHBIe 3HaveHHA [Xi], [Xo], [Xz3], KOTOPble Tak2%Ke CBA3AHE 
MexKLY CO6OIO NOABHXKHbIMM paBHoBecuamu. HepeyKo Bce yaCTHIIb! M NedeKTbI 
KpomMe © Hu @, MO%KHO CUNTATb HEMOJBHXKHbIMH WH UX KOHICHTpallMH Helo 
CPeCTBeHHO He 3aBucAuMU oT Vp. Jjaxe B pasOupaemom mpocTenwem culy4dat 
KOHTpOuIA XemocopOuvelt A BxoxwKeHHe KOuMeHTpalun [X;] BHOCHT sI00OTIBIT 
ble NOMpaBKM B TeMIlepaTypHy!0 3aBHCHMOCTb w;. Tak, Ipw X;= © HU JO 
CTATOUHO MaJIbIX TemuepaTypax [X;] &¥ [do] exp (— AUa/2RT), rae AUg — pas: 
HocTb ypopuelt L u d. [pu suauutenpuo nonn3auMH d mpocTad SKCIOHeHIE: 
AJIbHOCTb OyeT HapyillaTbCA, WH BbILe HeKOTOPbIX TJ HaCTYUMT HacbiIjeHHe M0 ¢ 
H3-3a NOHO MoOHH3alNM c [X;] = (dy) = const. Boe umm Yo MocrHxKeHHs 
9THX T HauHeT CKa3bIBaTbCA TeHepalls 9IeKTpOHOB 10 cxeme Val —> Val*+-©. 
3To Moker upuBectu K [X;]=[X,]coocrs-+-d=[ Xz] cocers —<[ Val] exp (—AU/2RT), 
roe AU — uimpuHa 3anpeuleHHOH 30HbI. 

Ha 9KCNOHeHIMaIbHbIX OTpesKax [X,;] = f(T) AUg/2 u AU/2 OyxzyT qo 


4 
OaBsATbCA K Exycr, OOyCNOBMeHHOMy E* nv y AV, “ mpu pocte T moryT Mo- 


02 
ceqOBaTebHO. HaOmomaTEca: Eyaon = Euce + AUa/ 23. Enaény Ener + AU / 2a 
cHoBa Eyer. B 3aBvcuMocTH OT BesMUMHbI! Eycp MH YCOBHH ZKCTIEpHMeHTa Oy- 
yet HaO0aTbCA TOJIbKO YacTb 9TOM OGuIeH KpuBol. IIpH MpaAmMoM yuacTHN E 
o6pa30BaHHv Axey d, a, tmur. y. [X,;] Mower ocma6ATb 3aBHCHMOCTb Ww OT T. 
K BecbMa CBOeOOpa3sHbIM 3aBHCHMOCTHM Eyaon OT T MpHBORUT BxOxK enue A , 
a, tm ut. 2. Moxkxo moka3aTb, YTO IPHBeJeHHbIe BbILIe BbIBOLbI O BJIMAHUP 
3aPpSXKEHHA MOBEPXHOCTH HM THMa aKTHBHbIX I@HTPOB IIPHMeCHHMbI K LWIHpOKO He- 
OMHOPOJHBIM MOBEPXHOCTAM C COXpaHeHHeM OCHOBHbIX ypaBHeHHli HX TeOpHH. 


Tloctymusio 
4 II 1959 
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Hornagn Akagemun sayx CCCP 
1959. Tom 126, Ni 4 


PHSHYECKAA XHMHA 


r. i. CAXAPOB 


METOJ, H3MEPEHUWA CTALMOHAPHbIX MOBEPXHOCTHDbIX 
KOHWEHTPALMM KOMMOHEHTOB KATAJIMTHYUECKOM PEAKLMH 


(ITpedcmaenexo axademuxom A. J. Caxapoesim 16 II 1959) 


| UIpequtaraetca MeToy onpeyeseHuA KOJIMUeCTBA KOMIIOHEHTOB peakI{HH, 
copOupoBaHHblx Ha KaTasu3aTope (B YyCJIOBHAX CTalHOHapHOH peaKiun), 
JOTOPbIM OCHOBaH Ha H3YYeHHH BpeMeHH, HEOOXOAMMOrO JIA NOABJICHHA 9THX 
Q€CTB Ha BbIXOJe H3 peakTOpa. 
[lycrb KaTamuTuyecKan peakuna A—-B-+ C npotekaeT B MpoTounHon ycra- 
OBKe IPH MOCTOAHHBIX yCJIOBHAX (TeMMepaTypa H MOJIAPHad CKOPOCTb NoO_ayH 
) MOJib/CeK) HM IyCTb Mbl B HEKOTOPbI MOMeCHT BpeMeHH (IpHMeM 3TOT MO- 
HCHT 3a HCXOAHDIM) Mpekpalaem mogauy BemlectBa A, B TOT K€ MOMeHT HU 
TOM Ke CKopocTbioO nogauu Vo HayHHaeM MOsaBaTb TO Ke CaMOe UCXOMHOe 
feulecTBO, HO MeueHoe (A*). Torga peakina 
i"+B*+C 6OyzeT mpoxomuTb c TOH x%e CKO- 
HOCTbIO BC€X OTJCJIbHBIX CTA, YTO WH peaks 
|>B +C. OueBuyHO, 4TO BCJIeEACTBHE 3ayepx- 
iq Ha TOBepXHOCTH KaTasIMsaTOpa MOJeKy.JIbI 
u B* 6ylyT NOABMATHCA Ha BbIXOfe M3 peak- 
Iopa HEMHOFO TosqHee, HEM eCJIH Obl OHH He 
NCOpOupoBasIucb WM BpeMA UX MpeObiBanuA Hay 
TaIM3aATOPOM Tx 3aBHCeJIO Obl TONbKO OT Vo 


Y(t-y) 


KOPOCTH MOABJICHHA KOMIIOHEHTOB peaKIHH Ha 

IXOJe U3 peakKTOPa MOXKHO CYMHTb OO HX KOHUEHTPallMAX Ha NOBePpXHOCTH *. 
Ha puc. 1 Ha ocu aOclucc OTIO%KeHO BPeMAT, AaHaAOCH OPAHHAT KOJIMYECTBO' 
ectBa A*, BbIXOMAUero B eMMHUILy BpeMeHu u3 peakTopa (dA*/ dt). Ecaw 
[OecneueHa CTalMOHApHOCTb Npomecca HW eCJIM MOXKHO MpeHeOpedb H30TOMHEIM 
tbbekToM, TO O4eBHHO, ¥TO cyMMa BeulecTB A* u A, BbIXOMALLMX B CAHHHILY 
IPEMCHH M3 peakTOpa, OJKHAa ObiTb paBHa Vy(1—y) (rye y— OA Mpeppa- 
MBINeTOCA B KOHeYHbIe MpOAyKTbI ucxOWHOrO BellecTBa). UTO %e KacaeTCA 
pamuaHpl dA*/dt, TO OHA, OYEBHAHO, JIMMb MOCe MpoxO*KMeHHA HeKOTOPOrO: 
bemMeHH cTaHeT paBHoH V,)(1—vy). Buayame, Kkorga C NOBepXHOCTH KaTaJIH- 
BTopa OyyeT WecopOupoBaTcs uMelolueecsh Tam BeulecTBO A, KOJIMYeCTBO Be- 
yecTspa A“, BbIeIAIOMeroca B CJMHHLY BpeMeHH, OyfeT Ha COOTBETCTBYIOLLY!IO 
SIMUHHY MeHbile, vem V)(1—y). SauiTpuxoBaHHad msomatb S, 4HCeHHO 
laBHa KOsIMueCTBY BelllecTBa A, RecopOupylomjeroca (Mocsle BpeMeHH t,x) B HeH3- 


ly A, KoTOpoe HaxoqMoch Ha KaTasIM3aTOpe B HCXOJHbIM MOMeHT, TaK Kak 
acTb acopOupoBanHoro Bemlectsa A mpeBpalijaerca Ha KaTaslusaTope B Bu C. 
| CxopocTb peakiuH paBHa Voy. Ckopoctb necopOiuu BemjecTBa A B HeH3- 
ICeHHOM BHle C BbIXOMOM U3 peakTOpa paBHa oTpesky ab ua puc. |. 


e Bpema KOHTaKTa Ty MOXHO ONPeeJIMTb SKCNCPHMECHTAJIBHO. Aaa 3TOTO HY2KHO B pe- 


KUMOHHYIO CMeCb NOOaBUTb CieAbl KaKoro-s1H60 ycToiuMBoro H HeakcopOupytoulerocA B yc- 
DBHAX PeaKIHH BeleCTBa H 3AMCTHTb BPeMA ero MOABJeHHA Ha BbIXOAe H3 peakTOpa. 
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Mut 3HaeM, uTO (MO MpOxO*KJeHHH HEKOTOPOTO OOJIbUIOrO MIPOMEXKYyTKa Bpe 
MeHH) Bce MovieKyuIbt A yjaatca c noBepxHocTH. Ho ecsiM MoxkKHO lipeHeOpey 
H30TOIHbIM 3pPeKTOM, TO CKOPOCTH BCeX OTJEJbHbIX CTAaMMH KaTasJMTHYeCKOr 
Mmpomecca, a CJIeOBaTeNbHO, M COOTHOMMeHMe 9THX CKOpOcTeH He OyqyT Me 
HATbCA 110 Mepe Toro, Kak BemlecTBo A GyyzeT Bce OovIbIe yCTyHaTb MeCT 
Ha moBepxnocTu BemectBy A*. Ilosromy oTHomeHHe yuCIa JeCOpOupOBaBLUAXC 
(a jocTurmux BHIXOfaH3 peakTopa) MoseKkyn A K UNCJIy MpopearHpoBaBUIM. 
movlekyt A OyyeT paBHO OTHOUWIeHHIO CKOpocTH ecopOuMH K CKOpOCcTH peak 
IH B MOMCHT 7x. 

TlosToMy MOxKHO CKa3aTb, 4YTO KosMYeCTBO BellecTBa A, Haxoj*leroca H 
Katasu3aTope B ucXOAHbI MoMeHT (Ma), BO CTOMbKO pa3 Oo/bUIe S;, B 
cKombKo [(ab) + Voy] Sombie cKopocTu ecopo 
mun A (c BbIXOJOM M3 peakTopa). 

CnenopaTesbHO, KOJIMueCTBO BellecTBa A 
HaXOJAULerocA B alCOpOHpOBaHHOM COCTOAHHH © 
YCJIOBHAX CTalMOHapHOH peakIHH, paBHO | 


90% (ab) a Voy aa Vo— (bc) 
ed Ses Sra tees ye 


Puc. 2 


AHasIOrH4HO MOXKHO OMpesesuTb KOMMYeCTBO TpOayKTa peakitwu B Ha no 
BepxHocTH (puc. 2). 

Cymma semects B+ B*, BblesAtOMlMXCa W3 peakTOpa B eJMHMILy BpeMeHy 
OcTaeTca BCe BpeMaA MOCTOAHHOH uM paBHOl Voy (Mp Tex 2%e yCMOBUAX, Ka 
'B TIepBOM cyyyae), HO BellecrB0 B" nosBameTcH Ha BbIXOMe peakTopa c 32 
mo3laHuemM. JTO 3al03,aHve BbIsBAaHO TeM, UTO TpeOyeTCH BpeMA Kak 
mpeppamenua A* B B*, Tak u AA RecopoOuun ae 

O6nactb S, Ha puc. 2 uncneHHO paBHa CyMMe BellecTBa B, Haxoj sulle 
roca B HCXOJHbILi MOMeHT B afcopO“poBaHHOM cocTosHHH (Mpg), uM BelecTB 
A, HaxomMBuierocad B HMCXOJHbI MOMeHT B alCOpOHpOBaHHOM COCTOAHHH © 
3aTeM age ames B B. Stor BTopol wWIeH CYMMbl HaM yxKe MW3BeCTeH 

oY 
(ab) 
JIA ONpeeseHuA MOBEPXHOCTHBIX KOHICHTpalW MpoOyKTOB peakiHH 


‘OH paBeH S,. Takum oGpa30M, Upefmaraemblii MeTO IpHMeHHM TakxK 


My ="S) SROs hy Sato palace 
(ab) 

Besmuunpt Mx u Mg oTuocatrcaA KO BCeH HaBecke KaTausaTopa. [lostom 
HeEOOXOJMMO, YTOOHI YCIOBUA (COBeEMHBIC KOHIEHTPalluH) B Hayane H B KOHL 
peakTopa pasM4aIMCb He CHJIbHO. B cily4ae MaJbIX y 9TO NosyyaeTca CaM 
co6oH. Ecim Hy2kHO W3y4HTb Mpolecc Mp KaKoM-JIMOO OoubIIeM 3HaueHHH 4 
TO MOXKHO NpONyckaTb Yepes peaKTOP CMECb COCTaBa, COOTBETCTBYIOULerO ft 
M BeCTH peakIMMIO JO TyOuHbI peBpawlenua, paBHow y+ Ay. i 

Mbl TpeqnosaraM, 4YTO BIMAHHeM H30TONHOTO aibibeKTa MOxHO lipeHeOpeut 
J\nA TpoBepKH 9STOrO JONYMeHHA Hy2KHO MpoBecTu [Ba u3MepeHua: OLMH pa 
MpH BbITeCHeHMH HE€MevYeHOTO BeLeCTBA MeveHbIM; Tpyroit pas —naoGopo1 


EcuIm MOJIyYeHHble pesyJbTaTbI OKaXKYTCA COBMAaLaOMUMH, 3HaYMT H30TOMHBI 
‘aPeKTOM MO%xHO rpeHedpeub. 


Iloctynusto 
16 II 1959 
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Hornagn Akagemun nayx CCCP 
1959. Tom 126, Ni 4 


PH3HYECKAAH XHMHA 
B. M. TATEBCKHM u 10. Fr. NAMYJIOB 


KBAHTOBOMEXAHHYECKOE OBOCHOBAHHE ®OPMY JIbI 
AJIA QSHEPrHH OBPASOBAHHSA AJIKAHOB 


(ITpedcmaésend axademuxom B. H. Cnuuyoinoim 14 II 1959) 


B pa6ore [lapxca u lappa (+) 6pin0 BpIBeqeHO ypaBHeHve JA NOHOK 
€KTPOHHOM SHEP MOJIeKYJIbl, OCHOBAHHOe Ha MpelCTaBJIeHUN JeKTPOHHOL 
CTH BOJHOBOM (byHKIMH Kak JIMHEMHOM KOMOMHAILMM aAHTHCHMMeTpPHUHBIX 
YX9JIEKTPOHHBIX BOJIHOBBIX (YHKIWH: 


E. = Dili +2) 2) Si — Kis), (1) 
Ke oe 
| I, =\\ M7 (1, 2) H9(1, 2) Ay (1, 2) dudes, (2) 
Jur =\(W AT. 858, 9 + +a + al * 
x Ay (1, 2) Ay (3, 4) dtydeodtgdry, (3) 
fos = \\\\ Az (1,2).A5 (3,4) (= ~ Ar (3, 2) Ny (1,4) +(— ~\Au (4, 2) A; (3, 1) + 
| +(4 ar, 3) A, (2, 4) +(= ) Ay (1, 4) Ay (3, 2)] ddeadesdes. (4) 


Siecb ie (1, 2) u T. 1.— aHTHCHMMeTpH30BaHHad NOsHad PyHKUMA COOTBeT- 
IrBYIOINeH QeKTpOHHOH appt (1, 2), oOpasyrouyeli J-10 CBA3b, 
| 


| e 1 Zaye" 
FP 0, yy (1) Hy 2) A = PODS) 


| 

wacna 1,2 u T. 2. OOO3HAUAIOT DEKTPOHHI, HHeKCbl a—sxApa; T (C) — onepa- 
Op KWHeTHMYeCKOH sHepruu C-ro aneKTpOHa; fj; WH fac — COOTBETCTBYIOUIHe 
JACCTOAHUA MeKMy WaCTHIaMu; @ — 3apAaq sieKTpona. OueBu HO, 4TO 


i 
1] e Ze, 0% Zee 
| >) Le” be Z1, Ig =y Jy 
= aie ) 
y ig 

a ae gg pg, Ted Sye 

We a u B—uupeKcnl agep J- cBA38M, a Y— OCTAaJbHbIX sAKep. Salluuiem 
0 
1 Ae > wae (6) 
J, J#l 


N= i) A; (1, 2) H7(1, 2) Ar(1, 2) dtdts, 


* waar 
du =(\ ar0.2)] a a Jar, 2dedes, 
Js Jy. 
EE INS IS 
; - wd ig eae a Es ee ee a 
ages alae AX Ha i a dO 
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Uro6bl NOJyuHTh NOJHYIO SHeprvio OOpasoBaHHA MOJIEKYJIbI H3 ATOMOB| 
HeEOOXOJMMO K Bbipaxkenuto (1) WoOaBHYTb 9HEPrHiO KYJIOHOBCKOFO OTTAJIKUBA; 
HHA ATOMHBIX OCTOBOB. ITY SHEPrvlO MOXKHO MpeACcTaBUTb B Buse 


27,2152" nl 


y ZZ Jp (7 
EADS Y ) 
ig ry if 
i Tap TIE ate 
Bprpaxennve (7) MpHroquHo AA MoseKyJ, He COfepxKallMX WHKJOB, KOTO- 
pple paccMaTpuBaloTca HuxKe. Syech Z;, U Zig—9PPEKTHBHbIE 3apsAbI OCTO- 
BOB aTOMOB % HM PB, OOpasylolIux /-10 CBA3b, 77,,— PaCCTOAHHe MerK/y ApaMy 
9THX aTOMOB; Z;, U Zj,— 9PPeKTMBHBIe 3aPANbl OCTOBOB aTOMA &, YYACTBYIO- 


vo p 
mero B J-ii cBa3u, HM atoma 8, yyacTByroulero B J- cBasH (J=- J), HM MIpHTON 
He OOpa3ylouluX CBA3H MexKy COOoH, a f),s,— paccTOAHHe MexKIy sATpamy 


9THX aTOMOB. Tora NoOHad 9HeEpruA OOpas0BaHHA MOJIEKYVIbI H3 ATOMOB OyJe1 


Bk ape Ree >, Ri, (8) 
7 MOA ae 
rye oe 
2121.8 1 21,2 59° . 
R,=1j + : —, Res JS ER oe : (9) 
hate fale 


Jina ankanop C,Henye, Tae WMeloTCA TObKO cBA3H CC u CH, ypas- 
HeHue (8) MOXKHO HallvcaTb B Bue 


Ee Has = Ree +3) Roa t+ Dy Rec, co + 
Ce CH 


CC, CC 


a >, Rec, cx + » Rou, cu, (10) 


CC, CH CH, CH 


rye 3HakuH CC nu CH B nepsBbix 2ByxX CyMMax O603HauaIOoT CYMMUpOBaHHe MO 
Bcem cBa3aM CC (amu CH) coorpetcTtBeHHo. 3Haku CC, CC uau CC, CH, nan 
CH, CH B nocneqHux Tpex CyMMax o603HauaIOoT CYMMHpOBaHHe MO BCeM Ma- 
pam cpa3eH CC u CC, CC u CH uma CH u CH coorserctsenuo. JlerKo BE- 
WeTb, UTO BeMUMHbI Rcc,cc MOKHO pasOuTb Ha CJeqyoue Bub: 1) BeuH- 


yHHbI Rec, cc, OTHOCAILMecA K JByM cBa3qM CC, cTOALMM pAJOM, T. e. HMet- 


IMM OMH OOulMH aTom C; 2) BenuunHE! Rcc,cc, OTHOCAIHeCA K JIBYM CBS- 
3am CC, pasqevleHHbIM OHO cBA3bIO CC. AHaJIOrH¥HO MOXKHO pa3sOuTb Ha 
BHbI BemMUMHb! Rec,cu WM Rcu,cu. Torga Oyyqem umes: 


di Rec, cc = > Rec, co + > Recscodue: 


BG. Ce CGE EG,.CG 
2) Ree. CH= shy Rec. Caste yRccten see (11) 
CG, CH CC, CH GencH 
ea ee? ” 
>) Ren, ca = >) Rew, cu + > Res, exe 
CH, CH CH, CH CH, CH 


OrpaHHuMMcsa B TipaBblIX YacTax ypaBHeHnli (11) TombKO BBINMCAaHHBIME 
WIeHaMH HW NpeHeOperxkeM OCTaJIbHBIMH, KOTOpbIe, KaK MpaBHwlo*, 3aBeOMC 
MeHbIWe, eM BbINMCaHHbIe. IIpumMem, TO yruibl B MOeKysle aJiKaHa cTporc 
TeTpadsqpHyeCKHe, A MeXKAYAREPHbIe paCCTOAHHA CBA3aHHbIX ATOMOB TOUHC 
paBHbI Jit Bcex CC-cBa3zeli MexKy coOoH u yuan sBcex CH MexKLy cobon. 
Torga OKaxKeTCa, TO BCe YJICHbI CYMMbI DiKeo. cc» TOUHO TaK 2%Ke Kak F 


WIeHbI B CYMMAX Ree, ce YM Rou cy PaBHbl Mexyay co6o#. BemmunHE 
Rec, cc, Rec,cu, Rcu,cuh B 3aBHCHMOCTH OT TOrO, OyfyT JH Be COOTBET: 


* Onuako He Bcerfa— AA HEKOTOPEIX MOBOPOTHO-H30MepHBIX @OpM aKaHOB OTJeJIbHEI 
M3 OTOpoweHHEIx B (11) uneHOB MOryT ObITb CpaBHUMBI C KaXKIbIM 13 TipeAwecTByIOMux, 
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: yloulMe CBASH HaXOMMTbCA B TpaHc (f)- MIM B rout (g)-MoNOKeHMM Apyr 


Wipyry, OyayrT MOE AS le 110 (Ba pa3JIMUHbIX 3HadeHHA Rec: Gc, Réc, ccs. 
te,cH, Réc,cu, Re,cu, Réu,cuy coorsercrsenno. Torna u3 (10) nonyaum 
KenH,., —— 1) Reehe 222) Rex + yccRcc, cc + ycuRcc, ca + 
i t t g g t t 
+ yuukcu, cu + 2ccRcc, cc + 2écRéc, cco + 2cuRec, cx + zéuRéc, cr + 
t t g 
++ ZunRcu, cu + 2finRéu, cu, (10a): 
= t t t = 

(n—1), (22+ 2), Yoo Your Yar 2c 2Ecr Zou Zr Zan» 2£q— wucsa 
TBETCTBYIONero Bua. Sylecb IIPHHATO Takxxe, YTO Bce Rec paBHbl Mek LY 
SoH wu Bce Roy paBHbl Mexjly coOol,.a Tak»Ke yaTeHO, YTO YMCO CBAseH 
L B aikaHe C,Hon1. paBHo (n— 1), uucno cBaselt CH papno (2n + 2). 
OOosHauuM NepBHYHEIe ATOMbI yrsepogqa C,, BTopHuHble Cz, Tperuunpie C; 
yeTBepTuuHble Cy. O6osHayuM uucIO cBaseli C;—C; B amKaHe uepes nj. 
1A CBA3eCH BHOB Cz —Ca, C,— C3, C3—C 3 WlecTb aTOMOB, OKpyKalolllux 
*KAYIO W3 TaKMX CBA38CH, MOryT HMeTb [Ba pa3JIMUHbIX cTaOMsIbHbIX (uax- 
‘THIX) pactioloxwKeHua. O6osnauuM OHO M3 HHX wWHXeKcom 1, a pyroe 
mekcom 2. Torya 4HCIa Ne, Mog, Ngg pactakyTcA Ha mMapwl ni), n®, n®, 
p> nD, n@), npHyem 


Nog = ni) + ne) = Moe%oo = Moe (1 = O22), 
Nog = ND + n® = Nagthes + Mog (1 — a3), le) 
ss =) + MG) = Nostea + Maa (I — an) 


t f 
Jlerko MoKa3aTb, YTO (n— 1), (2n + 2), Yoo Your Yur 2%cecr %8cr Zhn> 2n 
bryT ObITb BCe BbIPaxKeHbl yepes N;;: 


Wl y jie 2 5 a $+ Ny (13) 
i, [= t<i i f=Li<i 
lyco = > (+). You = 5 [((4— i) + (4— pI my, 
t, f=1, i<j i, j=1, i<j 
(14) 
4 . SS mn Ss 
EST + Je I) oa) a a 2 ‘ ae j wie eh 


4 


c= | Dy ti — 1) G1) + 20 — 0 — nl + nB + 20 — 099], 


Z, /=1, t<j 
4 


c= z[2 Dy my(i—1)G— 1) — 20 + nf 


Z, j=1, i<j 


ony =e oe n33 | 2 


ta=s| wi —)4—)+G—)a—n— 


i, j= ts 
ae - on? + 4n — 2n} — 4nQ) + on], (15) 
dun = [2 MC at eee) Cater 
4 i, f= = i<j 


J ie) Lh Oy a es ong. | R 
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4 
F (1 2) (1) (2) (Chee | 
2H a al > nj (4 — 1) (4 D- D6) coe ne — 2n33 + Mog ++ 2Ng3 N33 
i, j=1, #1 


A= z/[2 3 a(4—)4-D— 


t,j=1i<j 
‘ 1) (2) 
a 2D oe Og c= ns — 2nss + ns | : 


Mloncrapnasa Bpipaxenua (13)—(15) B (10a) u ucnombsya (12), nonyuMn 


4 ’ 
gs 4 + Be (16 
Ee iy i ae >} Nij Bij, ' 
7, j=1, <j 
re noctosHuble B;; UMeIOT BU 


By = Reo+ (454 + =!) Rex + (4+ Rec, co + 
+142) + 4— Reon + [(A=*) (4) + (PZ) Reson & 
= y ni (i — 1) (i — 1) [Rée, co + 2REe, cc] + 

i, j=1, i<j 


4 


45D mg (G—1)(4—)+G—1)4—d) [REo, cw + 2REx, cx] + 


Z, j=1, t<j 
4 
+= \\ np G2) G@— piRoen  2Rea cole e (17 
(=12<i 
MIpHyeM BeIMUMHBI f[;; PABHbI HYsIO 3a UCKNOVeHveM foo, fos VU fas: 
fos = (0a, — 1/,) [Reo co— Rtc co— 2Rec caer 2REo, cu+-Reu, co —R&u, cul 
fos: = — (Gag — 4/5) [Ree co —Rée. ce —2Recven Rewer 
ae Réu, cu — Réu, cul, (18 
fsa ==.(01ga — 1/4) (Rec. ec Rec, co SRee cae eR ee Rou, cx —R&n, cul 


Takum oOpasoM, ypaBHeHe Jia 2Hepruu O6pa3s0BaHUA asiKaHa CrHon+s Tp 
BefleHo K Buy (16), coBepuleHHO aHasOrMYHOMy BbIBeJeHHOMy HaMH paHe 
(?), HCXOAA W3 TpemcTaBnenuit Oo TuMax HW Buax cBA3eii CC u CH: 


4 


1 
ROMER re > Nzj Ajj. (i 


i, f=1, i<j 


Ypapyenne (16) BpBeeHO B ONpeyeneHHOM npHOmMxeHUH, 13 KOTOpOrO Cue 
AyeT HaJIM4uve HEKOTOPHIX 3aBHCMMOCTeH MexKy NocTosHHEIMU B;;. Stu Bompoc 
OyyT oOcyxXeHbI OTLebHO. 


Mockosckuit rocyfapcTBeHHBIit yHuBepcuTer Iloctynuso 
uM. M. B. Jlomonocosa 10 II 1959 


UMTMPOBAHHAS JIATEPATYPA 
Tm. P atiksk Ge Pear eG ent Phys., 28, Ne 2, 335 (1958). 2B. M. T. 
tTepckui, JAH, 75, Ne 6, 819 (1950). 
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Aokaayn Akayemuu nayr CCCP 
| 1959. Tom 126, Ni 4 


PHZHYECKAA XHMHA 


IO. M. TIOPHH 


O KPMBbIX 3APADKEHHA POXMEBOK 4YEPHU 
(ITpedcmaeaeno axademuxom A. H. Ppymxuroim 24 II 1959) 


| QeKTPOXHMMYeCKOe HCC/IEAOBaHve MOBEPXHOCTHIX CBOHCTB pOquA HayaTO 
i) ®. JlyHéspm (1). MM cHaTbl KpHBble 3apaxKenuA pOupoBaHHoOl MiaTuHbl 
1 N HeSOs, HCl, HBr, KOH), ycranopsena konmuecTBeHHad 3aBHCHUMOCTb 
COPpOWMH MOHOB Ha JJIeKTpOJe OT ero NOTeHWMasla B HHTepBase OT OOpaTuMoro 
MOpOAHOrO B JaHHOM pacTBope JO OOpaTumoro Kucsopo_Horo (1 N NaCl + 
0,02 N uan 0,05 N HCl; 1 N HeSO4+0,02 N u 0,05 N HeSO,) u noka3ana 
NyOokast aHaJIOrHA B CTPOCHHH TpaHHbl pa3sqea IJIeKTPpO — pacTBop B 
\yuae po2MA HM MWlaTHHEl. 

| B HacroamelH paOoTe c MOMOUIbIO MeTOJa KPHBbIX 3aPpAKeHHA U3yUaINCb 
®BEPXHOCTHbIe CBOHCTBa POMeBOH 4epHH. 

Cuatue KPHBBIX 3ap*KCHMA YEPHM OCYULECTBJIAOCh B COOTBETCTBAM C MeTO- 
Kou, OnucaHHOH B (*) (MeTog ceTKH). PoqueBand YepHb OCaKasacb (opMawIb- 
THOM 3 We0¥HOrO pactBopa RhCl, no me- 
uKe (°). Ocanok yepHu POMBIBAJICH B TOKE 
ucrasiata, 3aTeM, 3aBepHYTHIM B uaCcTYIO é 
laTHHOBY!O CeTKY, OOpadaTbIBaJIcCA MomepemeH- z 
» AHOJHOH WM KaTOAHOH MOJApMsallueH B He- 
}HOKpaTHO CMeHABUIMXCA pacTBopax 0,1N gg 
SO. M BHOBb JJIMTebHO MIpOMbIBascaA On- 
tctuimatom. Bee ynorpeOABUIMeCA pacTrBOpbI 
‘TOBHJIMCb H3 BaxKIbI mepekpuctasmusopan- | ¥ 
pIX COJIeH, J[BaxKIbl WeperHaHHbIX KUHCJIOT U 
HAMCTHJIIaTa. 02 
fai puc. 1 * 4300 paxkeHbl AHOMHbIe KPMBbIe ‘ 
ip@KeHHA posMeBOH YepHH UM pOAMpoBaHHoOli Jes 
MaTHHbl (*). TlocmeqHue Qa yoOctBa coBMe- J wD Btlyae 
4CHbI C Me€PBbIMH MO OCH aOcllMCcc (T. e. MepecuH- ea 
hHBI Ha TO *Ke, YTO HM B CLydae YepHU, KOMMYeCT- 

D aJ1eKTpHYeCTBA). Takoe mocTpoeHve MpHBo- ae qe ea Seb cent 
WT K TMOYTH MO/HOMY COBMAaJeHHIO COOTBETCT- ye gunun) mM posuposaHHoti 

IOULMX KPHBbIX POMHEBOH YePpHH UM POAMPO- naaTuubl (MyHKTHp), CHATHIC B 
HHO WuiaTuHbl. [lo-BHqMMOMy, NOBepXHOCTHbIe OAHoOHOpMasbHEIX HBr (/), HCl 
BOiCTBa PpOAMeBOH YepHH MH POAMPOBaHHOH MVla- (2), H2SOs« (3) » KOH (4) 
HbI OJIH3KH MexKy codon. 

C-[[pyro CTOpoubl, KPHBbIe 3apN2KeHUs JMCTIepCHOTO POAMA MOXO*KU Ha KpH- 
Je 3aps2KeHUA WwiaTHHApOBaHHON miaTuHbl (*). Kak B TOM, TaK UM B Jpyrom 
yuae KpMBbIe, CHATHIE B KHCJIbIX PpaCTBOpax, COCTOAT M3 TpexX yY¥acTKOB — 
DNOPOAHOFO, J{BOCCIOHHOTO HM KHCMOPOAHOrO, a KPHBBIe, NOJIYYeHHBIe B Ile10U- 
OM pPacTBOpe, XapaKTePHSYIOTCA HeMPePHIBHBIM MepeXOZOM BOAOpoAHOTO yua- 
rKa B KucOpoqHE. B npegemax BOMOpOAHOTO y4acTKa Mpollecc 3apsKeHHA 
pH OOpatTuM (puc. 2), YTO yKa3bIBaeT Ha MPHOMM3UTebHYIO PaBHOBeCHOCTb 


* Bee 3HaveHHA MOTeHLMala MPHBOAATCA MO OOpaTHMOMy BOOPOAHOMY B TOM 2Ke pacTBope. 
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TeX COCTOAHHH, Yepes KOTOPble MPOXOAUT YePHb MPH CHATHH €€ KPHBBIX 3apPs*KE 
Hua. B o6sacTu OKHCJICHHA MOBepXHOCTH OOpaTHMOCTb Mpollecca 3apAxKeHH 
HapyllaercaA M MexKy KPHBbIMH aHOMHOFO MW KaTOAHOTO 3aps?KeHHA HMCCT MCCT 
rucTepesHc, MeTJIA KOTOpOrO TeM OOUIbIe, YM MOORKUTebHee NOTEHUMAII, C 


40 8 120 


4-—— 


160 200 20 yale 


Puc. 2. Anogupie (J, 21) H KaTOgHBle (Je, 
22, 23,724) KPHBbIe 3apA%KeHHA ‘pomuesoli 
uepHu, cHaTbIe.B1N H2eSO4. Hauano Kpupoli 
21 CABUHYTO 10 ocH aOcyncc Ha 20 KyJIOHOB. 
KpusBax 24 CHATAa Tloce 24-yacoBoH aHOZHOT 
o6paOoTKH yepHH Tp BbI_eNeHHH KUCJIO- 


KOTOpOrO HauHHaeTcA KaTO,Hoe 3aps 
2keHuve. YKaxKeM, UTO B OTIMYHE OT PC 
JMpOBaHHOH MWaTHHbI B Clydae pOosMe 
BOM YePHH B HavaJie KUCJOPOAHOK 3% 
jep2KKM KPHBOH 3apAX%KeHHA, CHATO: 
mocye JWJIMTeIbHOM aHOAHOU OOpaborTK 
IPH BbIeseHHU ras000pasHoro KHUCJG 
pola, OTCyYTCTByeT HepecKOK NOTeHIHé 
Jia, XapaKkTepHbI JIA Hayasa mpolecc 
paspylueHua cba30Boro OKUCJa (PHC. 4 
(1, °, °). Hakone, 9Heprus CBASK aCOE 
OMpOBaHHOrO posHeM BOLOPOAa 3aBHCH 
OT NPHpOAbl JI€KTPOJIHTa HW, Kak H - 
ciyyae TWJlaTHHHpOBaHHOH  WlaTHHb 
yOurpaet B pany KOH, H,SQ,, HC 
HBr. Sto BugHO u3 puc. 1, npn nepe 
xofle B YKa3aHHOM psy JIeKTPOJHTO 
cleBa HalpaBo BOJOposHble yuacTK 
KPHBBIX 3ap A2KEHUA 3aKAHUMBAaIOTCA Mp 
M€Hee MOJIOKUTEIbHbIX NMOTeHWMaiax. 
B 1 N HeSOa cuatue Bogoposa 
MOBepXHOCTH POAMA 3aKaHUMBaeTCcA pH 


poda 61u3uTeEbHO mpu +0,25 B, a oKuCHE 
Hue HauHHaeTca upuH -+ 0,45—0,50 
(puc. 1). Koel BogopogHoro yyacTKa KpUMBOH 3apAXKeHHA MWaTHHbI, CHATO 
B 1 N HeSOa, sexut npu + 0,35 B, Hayano KucsopoxqHoro — npu + 0,75- 
0,80 B (*). Takum o6pa30M, npo4uHocTb cBA3M BOJOpOMa C NOBEPXHOCTHIO pos 
HeCKOJIbKO Me€HbIUle, YEM C NOBEPXHOCTbIO WaTHHbl, Aa OKHCeHHe POMMA HAUL 
HaeTCH TPH MeHee MOJOXKUTEIbHbIX M0- 


TeHUMaslax. OTO Ke MOMTBepxTaercs cpas- Taoauua 1 


H€HHe€M KPHBBIX 3apsxKeHHA MucrepcHoro | 
POA HM MWiaTHHUpOBaHHOH WaTHHbl, nowy- Q: Qe | Qs Q1/Qe | [1 Qs/Q 
YeHHBIX B Jpyrux aleKTpountax (1 N HCl, init buen hapeaues | oho aaa 
HBr, KOH). Bousee . 
KOH) MOAPOOHO conocTaB 3,0] 66,5 | 50,4 |0,12| 64 

JIGHHE MOBEPXHOCTHbIX CBOHCTB powHaA u 6.6 | 66.5 | 36.3 1|.0440,| Sam 
mlaTHHbl mpopenenHo A. @. Jlynéppmm (1). 44,3 | 66,5] 58,0 | 0.17] 5.6 

Hywxxke npHBOXATCA JaHHble 10 BIMAHHIO 7,8 | 66,5 } 54,5 12) 6,6 
pH pactsopa u moBepXHOCcTHO-akTHBHBIXx io 


aHHOHOB Cl, Br, J~ wa nopepxuocrupie 
CBOHCTBa POAMeBOH 4epHH. 

IIpu usyueHuu BANAHHA MOHa Hosa uepHb B Teyenue | yaca BBILepxKUBE 
Jacb B NOAKuCeHHOM 0,1 N pactsope KJ, uepes Koroppii HenpepHiBHO mpc 
OyIbKMBaJl BOAOPOL, NPOMbIBaJIaCb B TOKE HacbIMleHHOrO BOLOposoM Ousuctus 
JaTa AO OTCYTCTBUA B MPOMbIBHbIX BOJaX NpOObl Ha HOH Hoga (no AgNOs), m 
PeHOCHaCbh B CeTKy — sleKTpon (*), a sarem B 1 N H2SOa cuumaviacb ee Kpt 
Bast sapsxkenua. Tloce cHaTua STO KpMBOl NOTeHUMa YepHU FoBoANICH J 
3HayeHua + 1,0—+ 1,3 Bu uepHb OOpabaTHIBalacb aHOMHO B TedeHHe 2—3 ya 
C MWeIbIO OKUCJIMTb ajcopOupoBaHHbii non lioga. Koumuectso nepemeguer 
B pacTBOp HOHAa HOaTa onpeLeAOCh C NOMOLIbIO THOCybiata HaTpUuA (@ 
Satem B 1 N HeSOa cnumasacb kpuBasd sapsxKeHua YepHH, nogpeprivelica yKe 
SaHHOH «OUHCTKe», BHOBb MPOUSBOAMaCh aHOfHad OOpaboTKa YepHH UH onpex 
JIeHMe Nepellenmero B PacTBOp HOHAa HiodaTa, ONATb CHUMasacb KpuBasA 3aps 
*KeHHA MT. A. JO TeX MOP, MOKa B pacTBope He Mepectaer OGHapyXUBaTbC 
HOH oata. 
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CpeHee | 0,413 | 


PesyJIbTaTbI OJHOH U3 CepHii mpuBeseHbI Ha puc. 3. Kak u B calyy4ae nuaTH- 
/DOBAHHOM wlaTHHb! (8), «OTpaBJeHve» pokweBOM 4YepHH HOHOM Hoa NposB- 
PTCA B COKPaleHHH JVIMHbI BOLOPOAHOK 


i 2 
(lacTH e€ KPHBOH 3apAKeHHA WB Cyx*Ke- g ay; 7 
H1 WHTepBaJla ee MOTeHWMaJIOB, a mocuJe- G8 xd 
BaTeJIbHad «OUMCTKa>» MPHBOAHT K NO- { 4 


IL TI@HHOMY BOCCTaHOBJICHHIO MepBOHauaIb- 
ti (pPOpMbI KPHBOH 3apsKeHHG. 
‘Pe3yabTaTbl ompeseseHuA KouMueCTBa t 
iropO“poBaHHOrO HOHAa Oa, OTHECeHHbIe | 4 
| ruepHu, anh B TaOs. | (Q, kya/r). 
ipes Qe B TaOlHWe O603HaveHa JWIHHa 
hopoxwolt 3aqep»KKu HEOTPaBJIeHHOH yep- G2 
| (B Kyw/r), T. e. BeIH4MHa, MpONOpLHo- 
MbHad KOJIMUeCTBY BOROpOa, alcopbu- 
©MOrO CBOGOLHOH OT HOHa Hoa moBepx- 0 2 30 © 30 60 10 Whyn 
2TbIO UEPHH B MHTepBadle OT OOpaTHMOroO a 
(MOpOAHOTO JO NOTeHWHAaJIOB TBOeCJIOHHO- Puc. 3. Banaue uona fiona na 3apaKe= 
-yuacTKa. Qs u3MepseTca pa3HHueli B Hue vepHH. / — HeoTpaBreHHaA YepHb, 
WHE BOJOPOJHBIX yYaCTKOB KPMBbIX «He- ~— CTPAaBMCHHaA wepHb, 3 — oTpaBaeH- 
r - 3 Had yvepHb Moce 1-4 ouncTKH, 4 — oT- 

)aBJICHHO!» HM <OTPaBJCHHO» HOHOM HOLA papnennaa vepHb mocae 6-1 oWncTKH. 
WIMeBOH YepHH (Ha puc. 3 — pa3HHeH SnextpomtT 1 N HeSOa 
a 2), T. @. ABJIA€TCH BeJIMUHHOH, Mpo- 
PIMOHaJIbHOH KOIMYeCTBY BOMOPpORa, MecopOupoBaHHOTO c MOBepxXHOCTH 
HM mocyle ee «oTpaBseHHA» B pacrBope KJ (B kyui/r). 
ie Cpemuee orHouleHHe Q,/Qe2 pas- 
; HO 0,13. C n3BecTHbIM NpHOMKeHH- 
eM 9TO O3HayaeT, 4TO Ha 100 agcop- 
OUPyeMbIX aTOMOB BOROpOa mpHuxo- 
Autca 13 aqcopO6upyemblx HOHOB Hosa. 
Ilo (*),, moKpbirue moBepXHOCTH po- 
JIMA BOJOPOAOM He MpeBbILIaeT MOHO- 
culOH, HU, OU4eBHHO, KOJIMYeCTBO 
allcopOHpoBaHHoro Hosa HesocTaTou- 
HO J\JIX MOHOCJOHHOTO MOKPpbITHA 
MOBepXHOCTH, YTO CormacyeTcsA Cc WaH- 
HbIMH, MOJYYeHHbIMH Ha MMaTHHUpo- 
BaHHOH fuiaTuHe (8), xeslese (°) u 
cBuHue (1°). 

OrnouteHue Q;/Q; paBHo 5—7, 
u 3HauHT, | MOH HOJa, HaxXOACb Ha 
nOBepXHOcTH, FecopOupyet 5—7 arTo- 
| 6 MOB BOJOpOa, T. €. IPH <OTPaBsIeHHAH» 
| MO HOHOM fiOa mposBaTes «adibekt 
bp lauibHOyelicTBuA»,  OOHapy2KeHHbIit 
0 6 20 % 60 ihyye panee MpW OTPaBJIeHHM [1aTHHbl 
pTyTbiO HM Apyrumu oTpaButesamn ("). 
rc. 4. Bausune pH osmekTpomutTa Ha 3apa- Kak BHyHO 3 puc. I, B npucyTcr- 
ee uepHu. 1 —B 1-10-3 N HeSO,a+1N BMH HOHOB XIOpa HM OpoMa B_ pac- 
SOi; 2— B 2-10-?N HeSOa + 1N_ rpope coKkpalllaeTca AuHa BOOpon 
SOs; 3 —p 0,1 N HeSOs + 0,9N NaxSOs; ow sayepxKKH KPHBOH 3apmKeHHA 
Did tale dee). poguepoh uepHu. Pocr koHlleHTpa- 
dM MOBepXHOCTHO-aKTMBHOFO aHHOHAa MIPpHBOAHT K YBeMYeHHIO STOTO scekTa. 
JIeJIOM HaGwOLalOTCA 3AKOHOMePHOCTH, aHaJIOTHYHbIe MNOJIYYeCHHBIM paHee Ha 
4aTHHHpOBaHHOH msmatuue (°). : 
Buansanuve pH usyyanocb B pacrBopax H,SO, + NasSO, ¢ mocTosHHOW KOH- 
HTpaluelt cybiat-HoHa. Tunmuyuple TaHHble TIpUBe eH! Ha 
qc. 4. 


meet ets 
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C pocrom pH aueKtpomuta Bo3pacTaeT 9HEPruA CBA3H ajcOpOupoBaHHOr 
BOJOpOsa HM HeCKOJbKO yBeMUMBaeTCA JWIMHa BOJOpOAHOrO y4uacTKa KPHBO 
3apaxKenua pofun. M3menenue 9Hepruu cBA3H afcopOupoBaHHoro BOOpor 
C MOBepXHOCTbIO MeTaJIMMYECKOLO BIeEKTPOMa Mp Mepexofe OT KUCJIbIX K IlesO% 
HbIM pacTBOpaM, H HaOOOPOT, ABJIAeTCA MOBOJIbHO OOMeH 3aKOHOMePHOCTHI 
(1,4, , 18), oqHako pesko BbIparKeHHoe BulnaHHe PH B npefeax KHCJIBIX PacTBC 
pos (pH or 0,7 no 4,2) Ha6mogaerca BnepBble. B cryyae Apyrux MerassioB (PI 
Ir) Bonpoc o BulMaHHH pH Ha acopOuMOHHbe CBOHCTBa HyKfaeTcA B OMNOJ 
HUTeJIbHOM H3y4eHHH. 

B 3ak0ueHHe MpHHOWy riyOoKky10 OmarogapHocts pod. A. VY. Wapruny 3 
MOCTaHOBKY HacTosilero MCCcJeqOBaHHA. 


MockosckHH TocyapcTBeHHbIM yHHBepCHTeT Tloctrymuuo 
um. M. B. JlomMonocosa 9 II 1959 


UMTHPOBAHHAS JIMTEPATYPA 


1A. @, Jlynés, Kany. gucceprauus, UX AH CCCP, M., 1948. ? 10. A. Iloz 
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.H. ®pymxuxu, Acta Physicochim. URSS, 3, 791 (1935); A. U 
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XHMHYECKAA TEXHOJIOLH £1 


C. C. JIMCHAK uw unen-koppecnonzent AH CCCP ©. UH. UYPAPOB 


Ob YCKOPSIOLEM BJIUAAHHH JAOBABKH NOTALIA 
HA BOCCTAHOBJIEHHE MATHETHTA FPA®HTOM 


IIpu BOCCTA€HOBJICHHH OKHCJIOB MeTaJIJIOB TBEPAbIM yIrJIepOJOM OJHOBPeCMeHHO- 
/OTEKAIOT NMPOMeccbl BOCCTAHOBJICHHA OKUCJIOB ra3000pa3HoLr OKHCbIO YTVJIe- 
Wa rasupukallua yricA ABYOKUHCbIO yruiepowa: 


MeO + CO = Me + COzg, 
CO2g + C = 2CO. 
Hs3pecTHo, 4TO JOOaBKu Covel ULeIOUHBIX MeTaJIJIOB MOFyT YCKOPATb BOCCTa- 


BJICHHe OKHCJIOB MeTaJIJIOB Kak rasooOpasHpimu (17%), Tak w TBEPAbIMH BOC~ 
aHoBuTesamu (*~°). Oru WOOaBKH Takxke MOrYT YCKOPATb WH peakiluio ra3sH~ 
| 


iKalun yraepona (°, 1°). 
| 
coir 


% 
MF en 


100 
| (Ie LINES | 
40 6) 120 160 200 AO 260 320 560 mur. 


Boema om Havana onbiina ———>- 


Gmenene Gocomanobnenua 


Puc. 1. Boccranopnenue FesOa!rpacdutom mpu 950° (J—3) u 1000° 
(4—6). 1, 4—6e3 jo6asKu; 2, 5 — noOaBka B rpaput; 3, 6 — 
: mo6apka B FesO4 


B 9TOH CBASH BaxKHO YCTaHOBHUTh, BAIT JIM OOaBKH MPH BOCCTAHOBJIeHHH 
MCJIOB MeTaJIJIOB TBEPAbIM yrviepOOM Ha O6e BbIIeyNOMAHYTbIe peaKIlMH, HIM 
| OWHY 43 HUX B OOUIbUIeH CTemeHH, YeEM Ha Apyryto. 
|| [las petienua 9Toro Bompoca HaMH ObIIO HCCefOBaHO BJIMAHME BBeeHHA. 
Wasku K2COs, pa3zembHo — cHayasla B OKUCe, a 3aTeM B rpadut. Beeze- 
(@ J0OaBKUM B OKHCes MpOU3BOAMOCh ceLyIoulMM OOpasom. Kamu yruieKuc- 
if B KojMuecTBe 2% mo oTHOWeHuIO K Becy FesOa TulaTeJIbHO MCTHpaJcAa 
DKHMCJIOM B CTyMKe. 3aTeM CMeCb MIpOKaJIMBaslacb B BakyyMe nopsyKa 10° MM 
|. er. upu 900° B Teuenne 2 uac. [padur npokaMBasicA OTAeIbHO NP TakuX 

yCJIOBHAX, HO 6e3 JoOaBKu. TogzroropsieHHble TaKAM OOpa30M OKHCe Hi 
(PUT TIUATeIbHO MepeMelIMBaINCb B ONpefeeHHOH Mponopikun Hu MCTUpa- 
Cb. 
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Bpesenne 106aBkKH B rpatpuT NpOusBOAMOCb aHaJIOrH4HbIM CMOCOOOM, TOJIbKt 
‘IpOKaJIMBaHHe OOaBKH, B OTJMUMe OT Mpefbilyilero Cilyyad, MpOBoAH0C 
c rpacpHToM. 

Jlna{cpaBuenua nmpoBogusucb onbiTbl B oTrcyTcTBHe JoOaBKu. IIpu 9ToI 
-oKuceul HW PpaduT mpesBapuTeIbHO pa3JeJIbHO NpOKaJIMBaJIHCb TOUHO B TAaKU. 
okKe YCJIOBHAX. 


S 3e 


S 


SS 


Cmenens Gocctmaiobnenus ———~ 
N 
Ss 


4 60 120 160 200 240 260 320 360 mun. 
Epens am navana onelma ———=— 


S 


Puc. 2. Boccranopmenue FesO4 rpadutom npn 950°. / — 6e3 n06aB- 

KH; 2 — oOaBkKa MpoKamMBanacb c rpaduTom mpu 1000°; 3 — no- 

6aBKa NpoKkamuBaacb c Fes3O4 npn 1000°; 4 — qo6aBKa mpoKamnn- 
Baslacb c FesO4 npu 900° 


Ucxofuble MaTepHaJibl H MeTOAMKa HcceqOBaHHA OMMCaHbl B padore (°), 

Kak noka3biBaert pvc. 1, mp 950° cKopocTb BoccTaHOBeHHA rpacpuTo! 
«<C BBEJCHHOH B Hero JOOaBKOH Oblla TAKOM 2%Ke, KaK H MPH BOCCTaHOBJIeHHH Oe 

Jo joOapku. JloOaBseHue Ke notallia K OKHC 

46 JY MPpHBOLMJIO K CYWLeECTBeEHHOMY yBeJIHYe 
HHIO CKOPOCTH Mpolecca Mp sTOH TemMnNe 
patype. AnasloruuHad KapTHHa HaOuiloza 
wach HM B cCulyyae BOCCTaHOBJICHHA Mp. 
Temnepatype 1000°. 

M3 puc. 2 u 3 BuRHO, UTO MB Cy4a 
IpeBapHTeJIbHOrO MpOKaIMBaHHA PpapurT 
WIM OKHCJIa C BBeeCHHbIMH B HHX OOaR 
KaMH ToTalia mpu 1000° B Treyenue 4 yac 
BBesqeHHe JOOaBKH B Tpa*uT He MeHAJ 
CKOPOCTH BOCCTAHOBJICHHA; BBeeHHe *K 
qoOaBku B FesOa npwBoquso K cyulect 
BeHHOMY YBeJIHYCHHIO CKOPOCTH. 

CnelvasIbHbIMM OMbITaMH yCTaHOBJIeHC 
4uTO B cuyYae MpoOKaJIMBaHHA cMec 
FesO4 + 2% Ke2COs mpu 900° B BakyyM 
B TeyeHHve 2 u4ac. C OKHCIOM ocrTaeTc 


boar ea 60 80 Wo%  !3% KO. JiByoxucb yraepoga, o6pe 
Cmeners Bocconi tenn 3yloulaica OT pasyioxkeHna K2COs, u uacrT 

KeO yaeryunpaiorcs. 
Puc. 3. Ckopoctb BoccraHoBteHua FesO4 IIpu NpOKaJIMBaHHu FesOa + 2° 


rpaduTom mpx 950° (B mpomentax oTHA- ° 
TOTO o) 5 /uLiy ciate KeCOs mpn 1000° B teueHne 4 yac. 


Ha puc. 2 OKHCJIOM ocTaeTca 0,25% KeO. 
Kak u3pectHo, KeO o6nanaer 3ame 
HOH JIeETYYeCTbIO, H MpH MpoKasMBaHH 
H BOCCTAHOBJICHHMM YaCTb MOJIeKyJI alcopOupyeTca Ha peaKI[MOHHOH noBepxHt 
“CTH BOCCTaHaBJIMBaeMoro OKUCa. B pesybTaTre sTorO mpomecca H3MeHHeTC 
KOHI[CHTPallMA SJIEKTPOHHOTO UM AbIPOUHOFO Fa30B B KPUWCTaJWaX, KOTOPBIe BE 
832 


AHAIOT PYHKIUMM CBOOOAHBIX MOMOKUTEIbHBIX H OTPHIUAaTeIbHbIX BaJIeHTHO- 
seu (“), a TEM CaMbIM H3MeHAeTCA peaKIMHOHHaA CMOCOOHOCTh OKUCIa. 
B Halle a6opaTopHu MpoBeseHbI ONBITHI, MOKa3bIBalollue YMEeHbIIeHHe Ka- 
UleHCs SHEPIHH AKTHBAILHH PeaKIMM BOCCTAHOBJICHHA WJIbMeHUTA B MpucyT- 
ipuu KeO c 16000 Ka/mMomb 6e3 Qo6aBKu no 13200 KaJl/MOJIb C JOOaBKOL 
Tawa (8). 
_B cayyae mpokammBanusa rpaduta c KeCOs mpu 900 nu 1000° npoucxogur 
uziowKeHHe KeCOs Ha K2O n COs. Ipu stom sce KoumuectBo K2O yaeryun- 
lerca, a COz MOO nOWHOCTbIO, WH6O OTYACTH B3auMOselicrByeT c rpaduTom 
JoOpasopanuem CO. Takum o6pasom, mp mpokanmBanun KeCOs c rpacurom 
ba 900—1000° B BakyyMe BoccTaHOBUTeJbHaA CnOcoOHOCTb rpaduta He H3Me- 
terca. Ilocequee oOcTOATeIbCTBO, Ha flepBbIH B3rIA, HaXOJMTCA B MPOTHBO- 
‘4MM C MMeIOULMMUCA JIMTepaTYPHbIMH JaHHBIMH MO B3aHMOJelicTBUIO Covel 
sma c rpaputom (* 1%). Ognako 9To0 OObACHAeTCA TeM, YTO YCOBUA MpoBe- 
HMA B3auMOsetcTBUA K2O c rpadHTOM B HaleM Cly4yae OTMMYAIOTCA OT ycuIO- 
M UcCJleqOBaHHA STOTO B3aHMMOJeHCTBUA JpyrHMu aBTopaMu. 

Ucxoqa 43 MOJYYeHHbIX 9KCHEPHMEHTAJIbHBIX JaHHbIX, MOXKHO 3aKJIIOUNTD, 
Oo oOaBKa K2COs mpu BoccraHoBeHuu FesO4 rpadyToM B BaKyyMe OKa3bl- 
eT BJIMAHHe Ha B3aHMOJeHCTBHeE OKHCH yruiepola, KOTOpad u ABJIAeTCA BOC- 
i C KHCJIOPONOM pellieTKH OKUCJa, a He Ha peakiHlo rasuduKkallun 
4 CO2 = 2CO. 


UuctutyT Metantmypruu Ilocrymuuio 
Ypampexoro duauana Akaqemun HayK CCCP 16 Ili 1959 
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Jlonaaygn AkawemMun HayK cccP 
1959. Tom 126, Ne 4 


TEOJIOrH cs 


Axayemuk AH YCCP O. C. BAJIOB u JI. C. NHWBAHOBA 


HOBbIE JAHHbIE O ®AYHE HM)KHEFO TOPTOHA TMOXOJINH 


Hacrosilad 3aMeTKa MOCBALLeHa ONMCAHHIO UpesBbIYaliHO HHTepecHOrO OOHa- 
2KeHHA HW2KHELO TOPTOHA, B KOTOPOM ObIJIO yCTaHOBJIeHO HaJIHUHe MaJIeOHTOJIO- 
THYeCKHX OCTATKOB, JO CHX Op ellie He OMMCHIBABIUHXCA B pefesax 3anaHbix 
o6macteli YCCP,— pakoBuH XeTepocTerMvH H HOPOK BBICIUHX pakOOOpa3sHbIx. 
Xerepocreruubl, OOpasytoulve MaccoBble CKONJIeHHA, OblWwIH  OOHapPyKeHBI 
O. C. Banos vu usyyeupt! JI. I]. nmpanosoi, KoTopow npuvHadiexkaT TakxKe 
Bce ONpeleieHua Popamunudep, mpuBeseHHble B HacTOsuel craTbe. BpiBop 
© IIpHpose pasBUTHIX 3fecb MepenMeTalouNXCA CTONOYATHIX MeCUaHbIX CTAKEHUH 
Kak 00 OCTaTKaX HOpOK pakKoOOpa3HbIx MH OOulee NOApasyeseHve Ha TOPH3OHTHI 
6bWIH clelaHb O. C. Banos (1). B JambHetuiem 06a aBTopa Oosiee WeTaJIbHC 
onmvcaH paspes. 

O6uaxkenve (HukoaeBcKHi Kapbep) HaxoquTca y camMoro wiocce, uAyulero 
u3 JIbpopa B Crppili, nepea r. HukosaeBom, npHMepHo B 30 kM K wry oT JIbBosa, 
IIpM cmycke c muiaTo K p. SyOxe. B HeM BCKpbIBaeTCA MOUTH BCA TOJIMa mecua- 
HHKOB HW2KHEFO TOPTOHA, KPOMe CaMbIX ee HH30B. BplfemAOTCA ce yIOuLMe 
tbayHHCTH4eCKHe TOPH3OHTHI (CHH3Y BBepX): 

1. MmaHKospli ropH3ouT (4 M). KococJloucTble HeMJIOTHbIe MeCUaHHKH BHH3) 
M MIJIOTHbI€ BbICTYMalollWe KaPHH30M B BepXHeH YacTH, C OTPOMHbIM KOJIMYe 
CTBOM pa3HOOOpa3HbIX MUUaHOK. OOHapyKeHbI JOBOJIbHO MHOFOUHCJIEHHbIe (bo 
pamMuHHdepbl, cpeqH KOTOPbIX mpeoOJlaqaior AucKop6ucbl Hw WHOULuecHI * 
Globulina gibba Orb. (+-+), Polymorphina communis Orb. (+-+), Cristel 
laria calcar (Orb.) (4+-), Discorbis platyomphala (Reuss) (+++), D. stellat 
(Reuss) (+++), D. squamula (Reuss) (+++), Cassidulina oblonga Reus 
(+-+), Rotalina ex gr. beccarii (L) (+++), Globigerina ex gr. bulloides Orb 
(-+-+), Gl. altispira Cush. et Jarv. (+++), Candorbulina universa (Orb.) (++) 
Cibicides lobatulus (W. et J.) (4+-++), C. boueanus (Orb.) (+++), C. du 
templei (Orb.) (+--+), Nonion boueanus (Orb.) (++), Elphidium macellur 
(F. et M.) (+--+). Xora momuMo MuaHOK B 9TOM FOpH30HTe UMeeTCA GOVIbLIUIOe KC 
JIMYECTBO OCTATKOB CepmyJIM], a Takx*Ke HU Apyrue PopMbl, Bce Ke OH BILE AeTC 
MMeHHO OCOOeHHBIM pasBuTHem Bryozoa. 

2. Cepmysepbili ropusont (7 M). Kococaioucrbie necuaHukH, B KOTOPbIX MOXKH 
HaOJ0{aTb MHOXKECTBO MEJIKUX CJlerKa H30PHYTHIX H3BECTKOBHCTEIX Tpy6oue 
cepnyMA, pasiM4HO OpveHTHpoBaHHbIx (Serpula gregalis Eichw., Ditrup 
cornea L.). Kpome Toro, B HUX B U300MIMM HaXOJATCH BeCbMa JIOOONBITHE 
oOpasoBaHusa, MMeIOULMe XapakTep MaJIOUKOBHAHBIX mMecuaHbIx craxKeHuli. H 
BbIBETPEJIOM MOBEPXHOCTH HEMJIOTHBIX N€CUaHHKOB OHH BbICTYMAIOT OUCHb OTUE’ 
JIMBO, HO, He OO/layaxt CaM CKOJIbKO-HHOYAb 3HaYMTeMbHOL MIOTHOCTbIO, Jerk 
paccbilatoTca Np MpukocHoBeHun. Juametrp ux 1—5 cm, AnHHa 5—10 cm, a 
OTHEJbHBIX CJTy¥aax — 20 70 CM; OPHeHTHPOBAaHbI STU CTAXKeHHA PasIHUHO - 
TO CTOAT BEPTHKaJIbHO, TO pacnOsaratoTcA KOCO, TO flax%Ke TOPH30HTAJbHO, OF 
pasyA MHOra clo*wHbIe cneTeHua. Mbl paccMaTpuBaeM HX KaK CJIeAbI KU3H 
AeATEIbHOCTH ACCATHHOFUX PakooOpasHblx (3anOHeEHUA HOPOK). B vawei mT 
patType aHalorMuHble OOpas0BaHUsA, USBECTHbIe MO, HaSBaHHeM PH30JIHTOB UJ 
ocduomopd, MOUTH He OMHCaHLI, XOTH M MMeIOT JOCTATOUHO WHpokoe pacnp 
cTpanenne. IIpupoga pusoumToB Jouroe BpemsA Obia HeACHOM, H JaxKe cyl 


* Smecb HW Janee ycnoBuble o6o3Hayenus: +—1—3 sx3emnuapapB 06 ; t+— 3- 
Shh 500, 90-0, oscoe BO 1008 ee ee een pee 
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OBAIO MHCHHE, YTO OHM NpecTaB/AloT COOOH KOPHM HaSeMHbIX pacTeHuii- 
ako K. OpenG6epry (°) yqanocp NOKa3aTb, YTO NOMOOHOTO poxa OOpas0BaHUs 
IMOWCHOBEIX MeCKaX ABCTPHM ABJIIOTCH 3aNOJIHEHMAMH HOPOK pakoo6pa3HbIx 
lianassa). OcHoBiBascb Ha paoorte K. OpexOepra u Ha OnpeseeHuu, cye- 
HOM A. A. Bupurrelinom (?), cKenerubix octaTKoB CPeQHEXBOCTHIX PaKOB: 
llianassa) u ,pyrux BBICHINX pakooOpasHEIx, P. ®. Texkep (*) npumes'k 3a- 
OMCHHIO, YTO PasBUTHle B NaeoreHe Mepraubl Oapestbeuble cnvieTeHuA Mec- 
HMCTHIX CTA2KCHHH HM Apyrne OIM3KHe K HUM (pOpMbI TakiKe culeqyeT paccmat- 
BaTb Kak 3allOJIHeHHe (apa) HOpoK Callianassa. 
CpaBuenne c 13006paxkenuamu HOpOK COBPeMEHHBIX Kpados (!°) 4 HCKONaeMBIX. 


faTKOB, Hsy4aBuinxca Xenmmeen (14), Ipendeprom (8), eccnepom (9) 1 Tex- 
pow (*), a Takxxe cono- 


BJIGHHE C HMEIOULUMHCA 
Hac OOpasllaMu u3 Mawie- 
pHa IlopowKba, Jocras- 
s“uHbIMH O.C. Basoppm, 
MBeJIH K 3aKJIIOUeHHIO, 
‘D MH B ONHCbIBaeMOM 0O- 
WKEHHH MbI HMeeM Jleso 
HCHHO C 3alOJIHeHHAMH 
DOK PpakooOpa3HbIx. 
2Cb ObIIH HaWJeHbI Tak- 
| WM KJICWIHH BBICWINX 
«KOOOpa3sHbIX*. Paspu- 
*» B OOJIbIIOM KOwIMYeCT- 
TpyOouek uepBel u 
ONKTOB (o=Homopd) 
‘TABJIA€T OCHOBHYIO Xa- 
WKTePHY!IO OCOGeHHOCTh 
HHHOTO TOPH30HTAa, XOTA 
€M BCTpeyaloTCA OCTAaT- 


Pue. 1. Jlerab o6HaxKeHHA CeplyseBbIX MeCuaHHKOB C pH30-— 
M Apyrux ayHucrH-  yyrawu. Hapepxy B cpegueli uacTH Ha JVIMHHOM pH3onHTe 
cKUX rpynn. Syecb uMe- XOpoulo BHAHAa O*uoMopdHaA ckybMTypa 


iCA TAK2KE MHOTOYHCJIECH- ( 

ee dopamuundepp: Globulina gibba Orb. (+-+-+), Discorbis plathyom- 
dala (Reuss) (---+-++), D. stellata (Reuss) (++-+-), D. squamula (Reuss); 
+++), Bulimina aculeata Orb. (+--+), Globigerina altispira Cush. et Jarv. 
+-+-+), Gl. ex gr. bulloides Orb. (++), Globigerinoides transitoria Blow 
+-+-++), Cibicides lobatulus (W. et J.) (+++), C. boueanus (Orb.) (+++). 
pnion boueanus (Orb.) (+-+), Heterostegina costata Orb. (x), Elphidium 
Eitan (F. et M.) (++). O6uju xapakrep muKpocbayHbl ocTaeTca Takum 
$, Kak HM B Mpebiyilem ropHsoute. IloquepKHeM JIHIIb NMOABJIeHHeE XeTepo~ 
"IHH, KOTOpble B OOHAKCHHH MaJIO 3aMETHBI, HO O6HapyXKHBaloTCA B 3HAUHTeJIb~ 
)M KOJIHUECTBE TIPH OTMbIBKe OOpasilos. 

| 3. Xerepocrerunospit ropu3out (2 m). [lecuaHuku TOHKOCHONCTbIe, MecraMu 
BEPIICHHO NepenosHeHHbIe KpynHbIMH (10 0,5 cM AMaMeTpoM) paKOBHHaMyi 
eterostegina, KOTOPbIe B OTJeJIbHbIX CJIOAX CTAHOBATCA are mMOpooodpa- 
|OULMMM; MMeIOTCA MHOFOUNCIEHHbIe OCTATKH MOJIJIOCKOB, IIpeHMyllecTBeHHO 
KTHHU Chlamys seniensis Lomn. var. niedzwiedzkii Hilb. et var. lomnickii: 
lb.-u Pecten besseri Andr. (I.). [peo6magator crBopku HeOOJIbLIMX PpasMepoB. 
DBIMHO CTBOPKM MeKTHHH paspOSHeHbl M Pa3JIMYHO OPMeHTUPOBAHEI, XOT# 
JIbIUeH YaCTbIO OHH JIexKAT BCe 2%Ke BHIMYKIOH CTOpOHOH KBepxy. TouHO Tak xe 
Xe€TePOCTerHHbl OOLIMHO JeKAT TOPHSOHTAJIbHO, HO HHOFa OKaSbIBaIOTCA B KO- 
M momoxKenuu. B MeHbuleM KouIMYuecTBe BCTpeyaloTca ycrpulb! (Ostrea digi- 
lina Dub.),a TakxKe KpynHble spa nesewuno. OTH Apa HHOFa 3arlOJIHeHbI Te- 


* TlonyTHO yKaKeM, uTO OapebeHble (POPMbI, OTMCUeHHbIe B ONMCAHHU osnaeHNy HE 
iro TopTona B r. JIbBose (°), TakxKe, NO KpaHHeH Mepe OT4ACTH, ABIAIOTCA OCTATKA p 


IKOOOpa3HblXx. 
| 10* 835° 


MH xe XeTePOCTerHHaMH, OYCBUAHO BMBITbIMH B MyCTble PaSOMKHYTHIe: CTBOPKI 
JlopoubHO MHoro Opaxuonog (Terebratula grandis Blum.) 4 OTMe4¥eHbI MOpCKH 
exu. Cylerka Jebopmupospanuble nanuupu Clypeaster sp. oOpa3yioT Jake J 
BOJIbHO MOCTOAHHBI TOHKHH ropusoHT (10 cM) B Mpefedax STOO o6HaxKeHHs 
@ayua (opamunudep Oorara u_ pasHooopasHa. O6ulwH ee cmMCcOK cJIeLyK 
mui: Discorbis platyomphala (Reuss) (+-+--1), D. stellata (Reuss) (x K oe 
D. squamula (Reuss) (x), Uvigerina asperula Cz. (++), Cassidulina subgl« 


bosa Brady (++--+), Nonion boueanus (Orb.) (+-+F), Amphistegina sp. (-- +r 
: Heterostegina costata Or 


(x x x), Hoo sp.omo(Pischy 
(x <x x), Globigerina altispi 
Cush. et Jarv. (++-+), Gl 
bigerinoides transitoria Blo 
(+++), Gl. triloba (Reus 
(+-+), Cibicides  lobatul 
(Waltk.et Jacob.) (x x),C. u 
gerianus (Orb.) (+-+-+), C. b 
ueanus (Orb.)(x x), Elphidiu 
Puc. 2. O6n0MoK pusouHTa ¢ ocbHomopiHoli macellum(Fich. et Moll) (+++ 
ckymbntypo 3: 4 E. fichtellianum (Orb.) (+--+ 
B mpHBeqeHHOM KOMMJIeKce 
KOJIMYECTBEHHOM OTHOLWICHHH MepBOe MeCTO 3aHHMAaIOT XeTePOCTerHHEl. 

4. CepmyieBo-MIIaHKOBble necuaHHku (1,5 M). B caMbIxX BepXaX OOHaKeHH 
B [e@C¥aHHKaX, BCHYAIOWLHXCA MJIOTHbIM MeC4aHbIM KaPHH30M, CHOBa HauHHak 
mpeoOaqaTb TpyOoukH CepnmyH, K KOTOPbIM MecTaMH MIPHCOeAMHAIOTCA CKOI 
JIGHHA MIUaHOK; MoMmafawTcA HeOOJIbUIHe JIMNTOTAMHHeEBbIe KeIBaKH. 

Benue TOM MecCuYaHHKOB 3aJleraloT JIMTOTaMHHeBbIe M3BeECTHAKH, TaKxX 
upHHawiexkallue HWKHeEMy TOPTOHY. OHM OOHaxKaloTcA B COCes,HEM Kapbepe 
B 150 KM JlaJiblle K CeBepy. OTH H3BECTHAKH (CPeAHHM JIMTOTAMHUHEBLIM Top! 
30HT) COCTOAT M3 CKOMJICHHA %KeIBaKOB (IMaMeTpoOM 3—5D cM) JIMTOTAMHHEBBI 
uM Apyrux Bosopocueh. BuguMasa HX MOULHOCTb OKOIO 4 M. OOubHaa, HO Madi 
pasHooOpa3Had B BHOBOM OTHOIWeHHH (bayHa PopaMuHUdep npelcraBeHa CJ 
Ayrouyumu Bugamu: Miliolina gibba (Orb.) (---+-), Elphidium macellum (Fich. « 
Moll.) (x X X), Discorbis platyomphala (Reuss) (+----++), D. squamula (Reus 
(+-++), Cibicides lobatulus (Walt. et Jacob.) (x x). Dlomumo dopamunude 
HUMeeTCA MHOFO OOJIOMOUKOB HIJI MOPCKHX exkelt. 

Bo sce mecuaHouw TONMe JOCTaTOUHO IMpOKO pacmpocrpaHeHbl MINaHKI 
ceplyJIMAbl WH MrIbl Mopckux exkel. [lanynpu exkel ObluIH BCTpeueHbI Kak 
HWKHEH, TaK UM B BepXHel yacTH OOHaxKeHHA. Tlopciomy upucyTcTByt1or ocTp. 
KOJIbI, IpMHaewkaltue pofam Bairdia u Cythera. Ilo o6usemy xapakrepy cdbayH 
pa3Hble YaCTH STON TOMI CKOJIbKO-HHOYIb Pe3KO He OTJIMYAIOTCA, HO KOJI 
CTBCHHbI€ COOTHOMICHHA OTJICJIbHbIX 3JICEMCHTOB M@HAIOTCA JIOBOJIbHO CHJIbH 
UTO MH NOSBOJIHJIO BbIACIHTb 3eCb YeTbIPe CAMOCTOATCIbHBIX TOPH3OHTA. 

Hayne B OOuIbUIOM KOJIMYeCTBe MUIaHOK, a Tak2Ke MpHcyTCTBHe BO BCE 
MeCYaHHKOBOH TOME OCTATKOB MOPCKHX exKeli CBUETeEAbCTBYIOT O HOPMAJIbHC 
COIeEHOCTH MOpa. OueBHAHO, 3eCb Oba npuOpexkHaA Me@IKOBOLHAaA Toso 
OacceliHa C MOLBUXKHO BOOM, O YeM MOXKHO CyMUTb NO HaMBIBY MW pasIHaHC 
OPHeEHTHPOBKe PakKOBMH MeKTHHHA u TpyOouex Ditrupa u Serpula. Touno 7 
%Ke OOHMME HOPOK pakooOpasHblX yKa3blBaer Ha NpuOpexuyio 30ny. K Takon 
%Ke 3aKJIOYCHHIO MPHBOMMT HM paccMoTpeHHe coctaBa cayHb! cbopamunude 
CpeMM KOTOPbIX OCOOCHHO XapaKTePHbIMH MeKOBOLHBIMA POPMaMH ABJIAIOT 
SbPHAMYMbI, AMCKOpOuchl u wWHOuIuZechr. Hanuune Heterostegina yao 
yCTaHOBHTb elle B OMHOM IIYHKTe Ha HallleH Teppuropun —B SanenuKa 
Ocrarku Heterostegina yKasbiBaJIucb 43 HWKHETOPTOHCKHX oTMOxKeHut Tomb 
re W3 HECKOJbKUX MeCT MPMBOAMTCA OfMH BU Heterostegina costata Orb. ( 

B xkommuiekce topamunudep necuanukos HuKonaescKoro Kapbepa oOp 
maeT Ha ceOA BHMMaHMe NpucytcTBue Candorbulina universa (Orb.) Globige: 
noides transitoria Blow. u Globigerina altispira Cushm. et Jarw. Stn cbopn 
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AOTCA UPeSBbIYaHHO XaPaKTepHBIMH JIA OHOFO W3 ONOPHbIX MUKpotbayHu- 
(Me€CKUX TOPHSOHTOB (rloOvrepHHOBbIi ropu3onT usu, no JI. C. Tumpanopoii 
USOHT C Candorbulina universa Orb.) muotena [Ipeqkapnatckoro nporn6a. 
1B cxeMe CTpaTHrpauu MMOLWeHOBBIX Mosiacc [IpeqkapnaThsa paccMaTphBae- 
MH POPMSOHT BbIJeAeCTCA NOX Ha3BaHHeM ropH30HTa c Pseudoamussium denu- 


<< 


Puc. 3, Bepxuad mopepXHocTh COA mecuaHHKa, NepenomHeHHOrO 
xeTepocterHHamMH. 1,6 


i | 

ium (Reuss). HecoMHeHHO, ¥YTO HM€HHO eMy HM COOTBETCTBYeT TOVJIIa mecua- 
WKOB ONHCaHHOrO OOHaxKeHHA. OHako B IIpeqKapnatckom mporu6e B cocTaBe 
WYHbI HaGOslOLaeTCA 3HAUHTeJIbHO OOJIbIUEe PasHOOOpasHe H pe3skoe KowNYe- 
eHHOe pecOaqaHHe MWJaHKTOHHBIX dopM — rioOurepHH uM roOu“repHHoL- 
bcos, CBHJeTeIbCTBYIOWHX O OObUIeH rryOOKOBOAHOCTH OacceliHa. B TO »Ke 
bMA Mpe(CTaBHTeJIH MeJIKOBOAHOrO OeHTOCa — JMCKOpOUChI, 3bPHAMYMbI vi 
OuUuecbl — BCTpeyaloTca TaM B CJMHHUHBIX 9K3eMMIApax. OOpaTHoe coor- 
jueHHe HaGslOMaeTcA B mMecuaHHKax HykoaeBCKOrO Kapbepa, O¥4eBHIHO, 
PICTABJIAIOWIMX COGOH BeCbMa MeJIKOBOJHY!IO MpHOpexkHylo YaCTb HM KHETOp- 
Fickoro OacceliHa, HeMOCpeACTBEHHO CBASBIBAIOULYIOCA C TOH Ooee ryOoKon 
> uacTbIO, KoTOpad HaxoOMacb B I]peqKapnaTcKomM nepexoBom mpornuée. * 


| UucrutyT reomoruH NosmesHbIX MCKOMaeMbIX Toctynnuo 
Axkaylemuu Hayk YCCP 9 I 1959 
| r, JlbBoB 


WUTHPOBAHHASA JIMTEPATYPA 
Pi ALE. Ba6Ounen, B.C. Byposu gp., Ilytepoqutetb skckypcun cbesga Kapnato- 


NiikaucKolt Accouuaunn, JIppos, 1958. 2? A. A. Bupmtetu, Bionm. MOHUII, ory. reou. 
I), M., (1956). %O.C. Banos, B.A, Topenxui,Jl.H. Kyapunu,C.. Ma- 
je p Hak. Kpatxnii reonoruuecknit nyTepoguTeb No JIbBosy, JIbBos, 1954. 2 PROM ion 
|p, Brona. MOUIT, orn. reow., 31 (1), M., (1956). ®& M. A. Ceposa, Crpaturpadus nu 
}/Ha @opamunudep MHoueHOBbIX OTIOxKeHHE IIpenkapnatbs, Mat. no OnoctpaTurp. Satayqubix 
racreli YCCP, M., 1955. ® F. Bieda, Mlodszy trzeciorzed Karpat i przedgorza, Re- 
malna Geologia Polski, 1, Karpaty, Zeszyt 1, Stratygrafia, Krakow, 1951. 7 T. Chle- 
'wski, Spostrzezenia geologiczne z miocenu Kalusza i Bochni. Panstw. Inst. Geolog,. 
Kletyn 29 (1947), ® K. Ehrenberg, Paleontolog. Zs., 20, Ne 3—4, Berlin (1938). 

.F. Glaesner, Proc. Roy. Soc. Victoria, 59, p. 1, Carlton (1948). 1°H.M. Hale, 
» Crustaceans of South Australia, part 1, Handbooks of the flora and fauna of South Austra- 
| Adelaide, 1927. ™ W. Hintzschel, Mitteil. aus dem Geologisch. Staatsinst. 
Hamburg, H. 21 (1952). 
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TEOJIOLH 


lM. ®. HBAHKHH 


SOHAJIBHOCTb KOJIVEXAHHOFO PAA MECTOPO)KAEHHU 
MPTbILCKOM 3OHbI CMATUS HA AJITAE 


(ITpedcmasenexo axademuxom JI. C, Kopacunckum 22 XII 1958) 


Baxueiiasa crpyktypa toro-3amayquHoro Antaa — Mprpmickas 30Ha CMATHA 
3aksl0uaeT B CeGe OOVIbUIyIO TPyNMy MPOMbILVICHHBIX CY bPUAHbIX MeCTOPOX] 
HHH, BOSHHKIIMX He paHee BepxHero naseo3oa (?). Tuty6uHa dopMupoBaH! 
MeCTOPOKeHHH BapbupoBaJa B pasHbIx yactax MpTsIcKOH 30HbI B WIMpOK' 
mpewemax, BepoaTHO or 2—3 yo 5—6 km u Oosmee. MecTropoxKeHuA ABJIAIOT 
&CKBO3HBIMU» JIA BC@X H3BeCTHBIX TOJIIL MasleO30A MOWLHOCTHIO CBbIMe 6—7 | 
M He OOHApyKMBaIOT IIPAMbIX TeHETHYCCKHX CBASeH C KPYNHbIMH HHTpy3ua 
3MeHHOropcKoro KOMMIeKca. OfHakO OHM HMeIOT TeCHY1O. IpOCcTpaHCTBeHHY 
CTPYKTYPHY1O HM BOSPaCTHY!O CBASb C NO3HUMM MaJIbIMM MHTPy3HAMM Mary 
rpaHuTnopdupos, albOuTopupos uv nopcupuTos (?), uo, Hapsay c mpuypoue 
HOCTbIO pyJ| K PefHOHAJIbHOMY TJIYOHHHOMY pa3JIOMy, CBHJeTeJIbCTByeT O OO 
wo rayOuHe 3asleraHuaA MCTOUHMKa cCyJbpu_HbIX c:buoMyoB. Kak noKa3aJv F 
WH HccueqoBaHua, B MprpmuckoH 30He CMATHA OslaroyapaA CcoueTaHHIO COBE 
WICHHBIX TeEKTOHHYeCCKHX AHH30TPONMH (MOCKONapaJebHOH MU JIMHeEHHC 
CYUICCTBOBAJIH OCOObIe CTPYKTYPHble YCJIOBHA IA MHPUJIbTPalWOHHO-MeTac 
MaTHYecKHXx mpoueccos (7). [loroku MuHepaH3yIOWluX pacTBOpOB, NOAHUMAaA 
Cc TIYOHH, B STHX YCJIOBHAX OOPas3ylOT KOMMAaKTHble CTPyH, MpoppiBatoHe 
B 30HAX CJIaHIeB BOJIb JIMHCHHOH OPHEHTHPOBKH, HepeKO MOOrO HaKJIOHeHH 
K ropusouty. Ilostomy dopmupytorca HeOObIuHO JWIMHHbIe (3—4 KM) pyJH 
3aJle2KH JICHTOBHAHOPO THA, 3aKJIIOUCHHbIe B Y3KHe, TaK2Ke BECbMa MIPOTH2KeHH 
(q0 7—8 kM wu Ooslee) 30HbI OKOMOPYAHO-H3MeHEHHbIX NOPOL. 

li3yuenne napareHesHcoB MHHepasioB HW craqui dopMupoBaHHA cy Ibu! 
MecTopoxjleHHi (1951—1958 rr.) moKa3a10, UTO BCH COBOKYMHOCTb PyHbIX 3 
MOXeT ObITb MpecTaBJleHa KaK MHOTO9STAKHbI PA WIM KOJIOHKAa, IpH4¥eM MEK 
KpaHHHMH M3BeCTHBIMH ee WIeHaMH — MeJHO-MppOTHHOBBIM H TOJMMeTaJ 
YeCKHM THMaMH — MMeIOTCA lepexoHble O6pa3s0BaHua. Crpoenue (30HaJIbHOCT 
PpxAa OOyCOBJICHO COBMECTHbIM BJIHMAHHeM: WHCPHJIbTpall\MOHHO-MeTacoMaTHt 
CKOFO M€PeOTJIOXKeHHA BEMIECTB BUONb Y3KHX MPOTAXKCHHHIX KaHaJIOB TBYXKeH 
PacTBOPOB, MyJIbCallMeH MarMaTOFeHHbIX PaCTBOPOB, MCHABIINX BO BPCMCHH CB 
COCTaB,; H3MCHeCHHeEM (PH3HKO-XHMMUYeECKUX YCJIOBMH, B YaCTHOCTH OKHCJIMTE! 
HO-BOCCTAHOBHTCJIbHBIX, Ha PaSHbIX YPOBHAX KOJIOHKH, a TaKKe LPyrMMH If 
uuHaMH. OrmpaBHbIMM TeOpeTHYeECKUMH MOJIOKCHAAMM STUX UCCeLOBAHHH AE 
Jocb yyeHue JJ. C. Kopxuncxoro u A. IT. Berextuna o meracomaTuyeck 
mpolleccax M pyooOpa3oBanun (},°,4). 

Bee cybufuble Mecropoxgenua UprniicKoli 30HbI, HeE3aBHCHMO OT HX } 
cTa B KOJIOHKe, POpMHpOBaMCh B [Ba TiaBHbIX stana. B npexpynnblit 91 
TIPOMCXOAMNO MOW{HOe MeTacoMaTHYeCKoe MpeoOpas0BaHHe BMelalollux MOp 
B Mpewelax JICHTOBUAHBIX cTpykKTyp. Bo BTopol, coOcTBeHHO pyyHbIii 9T< 
MCHABUIMeCA TO COCTaBy PaCTBOPbI (ABe-TpH cTaqHu) OTMaradH pyb UB 
HBIX M€TAJJIOB H OTHOCHTEJIbHO HeOOJIbIMOe KOMHYCCTBO XKHJIbHBIX MHHEpa 
KOTOPHI€, KPHCTAIM3YACb MPCMMYUeCTBEHHO H3 PacTBOpa, 3aNOJHAIOT pas 
HbIC MOPbI, TPCWIMHbI WH Lalor BKIIOUeEHHA B pyfzax. Mopdonorua, coctaB HT 
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}TYPHO-CTPyKTYPHble OCOOEHHOCTH OKOMOPYHO-H3MeCHEHHEIX MOpO MU py cBu- 
(CTEIBCTBYIOT O TOM, 4TO PaCTBOPbI NpeAPyAHOTO 2Talla BHavase Obl Tra3006- 
PaSHbIMH WM PaspeXeHHbIMM THAPOTePMAJIbHBIMH. CpeaMH; 3aTeM, YMWIOTHAACH 
(0 Bp€MeHeM, OHH CMCHAJIMCb 2KAUKOOOPaSHbIMH, HHOra BeCbMa KOHI[eHTPH- 
DOBaHHBIMA PpaCTBOpaMH, CNOCOOHbIMM K HHbEKUMH H pasqBUraHHIO MOpoL. 
AmetorcA psxAMble OCHOBaHHA MpesnomaraTh JA OOOMX STANOB ABJIeHUA, Ha- 
sBaHHble JI. C. KopokuHckuM «ruyporepMasbHOH KUCOTHOMeNOUHO Auddbe- 
§penuuauner» (*). 
| SOHaJIbHOCTb KOUeLaHHOrO pala MpOABAAeTCA KaK B paSMelleHuu MpoxyK- 
OB BbINeIauyHBaHHA HW OTJIOKeEHHA MpeApyHoro aTaula, TaK HM B OTHOCHTEIbHOM 
MOMOXKeHHM Py pasHoro cocTaBa Cpe KOJIOHKH OKOJOPYAHO-H3MeHeHHBIX 
opod. ; 
| Bplfeisiorca TPH TWiaBHbIX 30HbI (cBepxy BHU3): 1) BepxHaa 30Ha — Cc pes- 
KUM T1peoO/lalaHHeM ABJIEHHM OTOKeHHA Hall BbILLeauMBaHHeM OCHOBaHHit B 
CJIOBHAX HM3KHX TemnepaTyp; 2) cpeqHAA 30Ha —- 30Ha KMCJOTHOTO Bbilllesa- 
MBaHHA MOpOL B yCJOBHAX MpeHMYLeCTBeHHO cCpeHUX TeMNepaTyp; 3) HWxK- 
AA 30HA -—— 30HA BbICOKOTeEMMepaTYPHOrO MarHe3HaJIbHOTO 3aMellleHHA OOKO- 
BBIX MIOpPOL. 
BepxHaAA 30Ha MpeAcTaBsleHa OpeOaMH MOMLHOM MeTacoMaTHYecKOl XJIOpH- 
|TH3allMu HW JOMOMUTH3AaLMM NOpOA, a Tak%Ke CepHAMH XM WM MPORHIKOB KBap- 
| i ac KapOoHaTaMH, XJIOpUTOM, OapHTOM H aulbOuTOM. Ona MOsHO mpeycTaBsiena, 
pHanpumep, Ha BepesoBcKoM MecTOpoxKeHHH, Tle MOKa3aHa ee MPOTAKEHHOCTh 
10 CKJIOHEHHIO CTpyKTypbI Ha ~1 KM H MepexoO B 30HY BbIleadHBaHHA Ha Ply- 
| une. BewlyulHMM MMHepaslaMM ABJIAIOTCA XJIOPHT H JOJIOMHT, KOTOPbIe NOMHMO 
OpeoOB WaloT HaCTOAMMe MeTaCOMAaTHYeCKHe XKUJbI H MOCTOAHHO COMPOBOXla- 
FiOTCA KPUHCTaJIMsalluel OOMJIbHOrO, XOTA M paccexHHOro nupuTa. B sto 30He 
)PacMOJarawTcdA THMMUHbIe MOJIMMeTaJJIH4YeCKHe 3a/1€xKUN C OTHOMICHHeEM Melb — 
PBMHelL — UWHHK | :2:5 WH TaKMMH TwlaBHbIMH 3JICMeHTaMH-CIyTHHKaMH, Kak 
| ypbMa, 30J1I0TO, cepeOpo, KaJMHH, ceyieH, TeJJIyp HM Op. 

CpeqHAd 30Ha TpecTaBJIeHa MOL{HbIMM MpPOTAXKeHHbIMH TeJlaMH CePpHHTO- 
KBAPIeBbIX MOPON, OOpas0BaBlIUUXCA MPH BbIMeavMBaHHN pa3JIMUHbIX MO cocTa- 
“BY BMellaloulux nopod. IIpu ocobeHHO MHTCHCHBHOM BDIUeayHBaHuu NOp@upu- 
IrOB OOpasylOTCA KBapUUTHI C aHJa/ly3HTOM, AMCTeHOM HM MMpoduINTOM. Bopre- 

auHBaHHe BCJIEACTBHe OMepexKeHHA «BOJIHbIY KMCJIOTHbIX KOMMOHEHTOB (°, 4) 
NCMeHHeTCA BO BPe€MeHH KPUHCTasMIM3alueH CBOOOAHOrO KBaplla, KapOoHaToB, 
‘ joputa u nuputa. TlocmeqHuw B BUe TOHKOM HMMperHallMu MpecTaBJieH B 
TOI 30HE MOBCEMECTHO, OHAKO 3HaUHTeJIbHbIe CTO CKOMJICHHA, BIWIOTb JO Kpyn- 
HbIX CCPHOKOJUeMaHHbIX TeJI, TATOTeIOT K OOJIACTH Mepexofla OT cpesHeH 3OHbI 
4K BepxXHelt. B cpeqHel 30He pa3MellalOTCA THMMUYHbIC CepHOKOIYeaHHble MeHO- 
M[MHKOBbIe MecTopoxKyeHua (BenoycoscKkue, Mptpmickue u p.), WvId KOTOPBIX 
'yKa3aHHOe BbIMMe OTHOMeHHe MeTaJJIOB paBHO | : 0,5: (2—4). Kpome Toro, 
(OTHOCHTeJIbHaA POJIb MBIIbAKAa B PyflaX 3/[eCb MOBbIMIAeTCA, a CYPbMBI, 30/10TA, 
epeOpa, TeJWIypuyqoB — CHMKaer\cA. 
| OxonopyqHble H3MeHeHHA B HW KHeH 30He (MecTopoxKyeHua BapuJioncKolt 
Wu Kapuuruuckol rpynm) mpefcraByeHbl KOpAMeputT-aHTOPUJMTOBBIMH TMOpo- 
(amu C OHOTHTOM, KBaplIleM, XJIOPHTOM, NMHPHTOM HM MYCKOBHTOM, BOSHHKINMMH 
pa 3aMeCICHHH Pa3JIMUHBIX KPHCTaIMYeCKUX HM CHJIMTOBHAHDIX CJaHIeB 
HBJOJIb KaHaJIOB JBWXKeCHHA CYJIbDUAHIX c:ioHjoB. THnuuHble NpOAyKTbI BbILIe- 
WlauMBaHuaA (KBapllTblE UM Ap.) 3fecb HeH3BecTHbI. Camu pybl mpescras- 
WI€Hbl § IMPHT-XaJIbKOMMPHT-TMppOTHHOBbIMH = 3asiexKaMH =C_=— MAHETHTOM, 
|MJIbMeHHTOM, MarMaTHTOM HM apceHOMMpHTOM. OTHOMIeHHe Med, CBHHIa HW WHHKa 
paso | :0:0,1. TunwunpiMa 93/1leMeHTaMH-CIYTHHKaMM ABJIAIOTCA KOOaJIBT, 
VE airs cBuHel. HenocpescrBeHHble MepeXxoybl KOPAMePpUT-aHTOMHVIJIMTOBLIX 30H 
WB BDBIMIeIeKallve 3OHbI BbILea44BaHHA HeH3BeECTHbI, HO PyfHBbIe 3aJlexKH, 
WTIepeXOJHbIe OT MeAHO-NMPPOTHHOBOrO K MOJMMeTAaJJIM4eCKOMY THMaM, H3yYeHbI 
\etambHo (Hopo6epe30sckoe). 
| Tpw yKa3aHHbIxX 30HbI OOpasyl0T, M0-BHAHMOMY, €MHY!0 CJIOKHY!O KOMOHKY 
AOOMbINOH MPpOTAXKeHHOCTH B HaNpaBJeHHH ABHKeHHA pacTBopoB. Camoli xapak- 
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TEPHOM OCOOCHHOCTHIO CpefHe- M MaJIOrYOMHHBIX YacTeH KOJIOHKH MpelpyHO- 
rO 9Talla ABJIACTCA COMPSXKEHHOCTH BbIleayMBaHHA W OTOKeHHA. Ecm Boa, 
yrieKucyloTa, cepa H KaJIMH SABJIAIOTCA CKBOSHBIMH 9JICEMCHTaMH KOJIOHKH, TO 
HaTpHit, KaJibluli, MarHuli HW x%eme30 (KcepHOKOMYeaHHOW CTaqMH») B OCHOBHOM 
nepeoTuaraiorcsa H3 cpesueli ee UaCTH B BepXHIOI (a TakxKe B OOKa), Pe BbITa- 
jlaloT B CBA3H C HaCbIeHHeM pacTBOpa, HeHTpasM3allMeH HM MOHWKeHHEM TeM- 
nepatypbi ero. OrcyTcrBue BbIlllelayMBaHHA B HH2KHeH 30HE MOXeET ObITb OObAC- 
HeHO IIPCHMYLLCCTBEHHO Taz006pa3HbIM COcTOAHMeM duioHnza (*). 

PactTBopbl pyHoro 9TaMla, cosepxKallue TaKHe HECOMHEHHO MarMaTOreHHble 
KOMMOHEHTbI, KaK CBHHeU, WHHK, MeJ[b, Cepa, 9JIEMeHTbI-CNYTHHKH, a TakKe 
*Kele30 HU, BOSMOXKHO, MarHHi, TOXRKe MCMbITHIBAIH Wudpepenunalluio, paccaHv- 
BaACb B JICHTOBHAHbIX CTPyKTypax MO Mepe BoccTatoujero JBHKeHHA. Orcralo- 
uve YaCTH pacTBopa OboralilaivCb %KeJlIe30M, MarHHeM, MeJ{bIO, THTAHOM UH KO- 
6aJIbTOM H, HaMpoOTHB, OOCAHAJIHCh cepol, BOLO, yruekucoTOH. Ouu oTviara- 
JIM PY/bl MeJHO-MMppOTHHOBOTO THNa B HWKHeH 30He. OnepexkKalollHe Maccbl 
pacTBopa, B KOTOPbIX POJIb BOJbI, YICKHCJIOTHI, Cepbl H WeOueH PpeskO BOspa- 
CTaeT, OTHOCHTeEIbHO O60FralllasuCb CBHHILOM, WHHKOM, CYPbMOH, 30JIOTOM, 
cepeOpoM, KajiIMHeM H TeJJIypugzamMu. Onn oTJarasiu NOJIMMeTaJIMYeCKHe Pybr 
Ha ypOBHe BepXHHX 30H. BaMaAHHe MeCTHbIX CTPyKTYP H BHYTPHMHHEepaJH3a- 
IHOHHbIX TEKTOHHYCCKHX JBHKeEHHH MPHBOAHT K TOMY, 4TO Pybl MCXHO-MMppo- 
THHOBOrO THMa MOLFyT OTJIOKHTLCA BbILe, a MOJIMMeTaJJIHYeCKOrO — HAKe 
MX OOOUHBIX YPOBHeH, HalmpuMep Cpe BbILLeEJIOUCHHBIX CePHILHTO-KBapIeBbIX 
nopox. 

Topxo-MeTasypruyeckHit Tloctrynusto 

HayUHO-HCCIeOBaTeIbCKHU MHCTHTYT 20 XII 1958 


AxkaylemMHu HaykK CCCP 
r. Yctb-KamenoropcK 


UWMTHPOBAHHAS JIUTEPATYPA 


1A. T. Berextuu (peg), Ochosupie npoOembl B yYeHHH O MarMaTOreHHbIX PyHbIX 
MecTopoxeHuAx, Haq. AH CCCP, M., 1955. 211. ®. Mpauk un, Ilonumetrannnueckue, 
MecTopowk jenna IIpuuptsnupa, M., 1957. % TW. C. Kopxuuckuit, U3s. AH CCCP, 
cep. reon., 12, 3 (1957). * 0. C. KopxuucKkaud, JAH, 122, Ne 2 267 (1958). 
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Joxrxagn Akagemun nayr CCCP 
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TPEOJIOVH 4 


C. C. KOPOBOB u M. AHAPOB 


K BONPOCY O BJIAAHHM TEKTOHHKH HA JIMTOJIOP MIO 
rAJIOTEHHbIX NOPO 


(I]pedcmaeneno axademuxom H. M. Cmpaxoeoim 21 II 1959) 


ibypenuve, npopeyenHoe Ha MuyepcKom MOAHATHH, NOKa3aJIO 3HAYHTeIbHYIO 
fb T€KTOHHKH B (OPMHPOBaHHU JIMTOJOTMYeCKOrO COCTaBa Hayek COJIAHBbIX 
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IBnaroflapaA 3HauHTeIbHbIM HalpsAKeHHAM, CO3MalOWLMMCA pH OOpasoBaHuu 
PAHBIX CTPYKTYP, CJIOXKHBIM M PasHOoOpasHbIM NecopMallMaAM, BbICOKHM H 
HIHOPOJHBIM TIaCTHYeCKHM CBOHCTBAM COJIAHbIX NOPO B COJIAHBIX CKaKax 
PHA HeEPeAKO CO3alOTCA 3HAYHTEJIbHbIe 10 OOBEMY MACCHI «TPelLHHOBATbIX» 
POPeKYMPOBaHHbIX» NOPO HIM NpOHCXOAAT INHTeHeTHYeCKHe BHYTPHdopMa- 
pHHbIe TepeMelleHHA MMTONOTHYCCKUX pasHOCTeH, COnpOBOXKLaloulHeca MMHE- 


Her CylUleCTBeHHOe 3HaYeHHe KaK MPH MpOBeAeCHHH NOMCKOBBIX paOoT Ha Ka- 
HIHble COJIM M OopaTbl, TaK H MPH MOATOTOBKe MeCTOPOXeHHH K OCBOeHHIO. 
\XapaktTep 9THX ABIIeEHHH — «poOseHHA» WH «HHbeEWMPOBAaHHA» — 3aBHCHT 
(|; OT XapakTepa TeX Te€KTOHHYeCKHX HanpsAxXeHHH, KOTOPble Mperepned TOT 
if HHOH yu4acTOK COJAHOM CKIaqKW, TaK HM OT COOTHOUI€HHA MiacTHyecKHXx 
tiers MOpOl, KOTOpble onpeesAIOTCH, KPOMe cocTaBa HM CTPOeHHA KpucTai- 
@CKUX PeWIETOK MHHepasOB, COJepKaHHeM MOJICKYJIAPHOH MU peHKTOBOH 
WH. 

jSaseraioului B OCHOBaHHH KypraHTaycKoH cBuTb! MuyepcKoro pa3pe3a 
|irypa «<rlaBHbIli AHTHAPHT» He TOJIbKO BECbMa YaCTO Pa3sOpBaH Ha OTeJIbHbIe 
WKH, HO, KpOMe TOTO, MecTaMH CeveTCH Maccol CaMbIX pa3sHOOOpasHbIx, pa3- 
HO OPHEHTHPOBaHHBIX TpeulHH. Kak HW B aHIHAPUTe COJIAHBIX MeECTOPOKLeHHH 
Mannu (1), MOCMeMHHe 3aNOJHAIOTCA Pa3JIMUHbIMH BTOPHUHbIMH OCOpa3oBa- 
EMH, KOTOPbIe pa3feIAIOTCA HAMM Ha HeHTPaJIbHbiec, MeEXaHHYeCKHe HHBbEK- 
fl OJHUX MHHepasoB WIM NOpod B Apyrve M BrOpHuHble OOpasoBaHUs, CBASAH- 
PC rIyOOKUMH MHHepaJIOrHyeCKHMU NpeBpallleHHAMM B NPHCyTCTBUM peJMk- 
dbIX BO, (paccosos). 

|Han6ouee wupokoe pacnpoctTpaHeHue cpesM MOceqHAX MMeeT NOMMTAUT 
wBaxkuHa No 3235, unteppabl 68,7—84,8 u 162,6—171,9 m u ap.), HepeyKo 
Weenies OT aHruypura peakWMOHHOH KaHMOH; pexke BCTpeyaloTca mo,06- 
i: (OpMbI MarHWeBbIX HJM KaJlbI\MH-MarHveBbIX OopatToB Hu rasta. Dapdo- 
bUHaA PaSHOCTb NOMHTaHTa, HEPeAKO CMVJOMIb BbINOIHAIOMAA TPellMHKA 
(epeuHukos B 1—2 MM, pH NoMmepeyHNKe TPelllMH B HECKOJIbKO CaHTHMETPOB, 
OOpeTaeT XapaKTepHbIM HO3ApeBaTbIli TpaBepTHHONOLOOHHI Buy. Ilycrorbt 
joro «TpaBepTHHa» BbINOHAIOTCA HOO paccoylaMu, JIMOO KapHaJIHMTOM, 
{OMHOM-JBYX CJlydaaxX HaMH HaOwOJasicA NMpeoOpaxkeHcKuHT. 

iCroub WMpoKHe MaclliTaObl ABJICHHH 3aMeLeHHA aHTuypuTa MO/MrasMTOM 
Hylepe panee He perucTpHpoBaHch (*), XOTA IPH HSyYeHHM COMAHBIX TOPO 
. MukpockorioM C. B. BoposMHoli u Ha6m0Jasuch BCe CTaNMM 3aMeleHHA M0- 
/aJIMTOM HepeKHX B TaJiHTe MHK pOBKJIOUeH HH HM MMKpOnpocsioHKOB aHrHy- 
ca. Ilyramu 2BWxKeHHA COJepKallux KaIMH pacTBOpOB MH MaKe YMCTOFO Kap- 
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HaJlJIM4Ta B 3TOM CJIyyae, KPOMe ocla6JIGHHbIX 30H MeXKTY KPHCTaJiaMu Tail 
Ta, MOrJIH ObITb U Pa3PbIBbI COJIAHbIX KPHCTaJIJIOB, CJIENbI KOTOPHIX MpH ef 
KpHCTaJJIH3alnu cOXpaHAIOTCA B BUI wemoueK MHKPOIyCTOTOK. 

Bovsiee miacTHUHbIK 10 CpaBHEeHHIO C aHrHApHToM raJiMT, Tak Ke Kak WH CH 


BUH, HepeKO BbINOJHAeCT B Bue MHbeKUMH ake HeOOJIbIMIHe TPelWMHbI B a 
rHApuTe, XOTA NO OTHOIJeEHHIO K Ka 


HaJIJIMTaM OH BefeT CCOA MOUTH TAK & 
Kak anrugpuT (7). TpeljHHbl B ran 
BbINOJIHAIOTCA H KapHaJJIHTOM, HM Com 
HOM TvIMHOH, WH MpeoOparxkeHCKHTOM. 
oOTHuMe OT AHTHApHTa B raJuTe Hepe 
KM UX OKPYIvVIble, HIM BbITAHYTbIe HHbE 
WMH. 

Bupouem, cpelv riHH COJIAHOTO pé 
pe3a BCTpeyaloTcA OYCHb MVIOTHBIe pa 
HOCTH, KOTOPble BeyT CceOA Tak Ke, Ki 


Puc; lt. 
JIMT-KU3epUT-IpeoOpaxkeHCKHTOBaA 


BpekuupopanHad YasiWT-KapHaJ- 
mopoya 
(ckpaxknua Ne 4646, ray6uHa 65,0 M). a — 
ramutT, 6 — OOpbIBKH TramHTa c TOMUHBIMH 


mpocmoikaMH aHrHypHTa, 6 — HHbeKILMH 
KapHaJIuTa, 2 — O6JIOMOK MpeoOpaxkeHcKu- 


aHrupuT, OOpasya TunMuHyIO «Ope 
YHIO», COCTOAMLYIO H3 OCTPOYFOJIbHE 
OOJIOMKOB H Oec*POpMeHHEIX BKJIIOUeH! 
TeEMHO-cepoH (YepHOH) TIMHbI UM KaMe 
HOH com. TpeulMHbl %e B TaKOH PIM 


Ta, 0 — kusepuT. 3: 4 BbINOJIHAIOTCA HHBEKIMAMH POSOBOTO I 
JIMTa WIM KapHaJJiuta. 

JIOGONBITHI PesyJIbTaTbl TEKTOHHYeCKOrO BO3ZeHCTBHA Ha _KapHaJJIHT 
mipeoOpaxKeHCKHT, BbICOKHe MaCTHYeCKHe CBOMCTBa KOTOpOrO OObACHAIOT 
TIpHMecbiO KapHaJIuTa HU OunwIoduTa, :op- 
MOH H pa3MepaMH KpHCTAaJJIOB. 

HanOoulee pacnpoctpaHeHHasd JIMMOHHO- 
2KeJITaA PaSHOCTb MpeoOpaxKeHckKuTa cosep- 
XKUT KapHaJWIMT KaK B BHJe paccesHHOH 
TIpHMecH, OTMeualolleHcaA MOUTH BO BCeX 
calydaAx, Tak HW TOHKHX MpOXKHJIKOB. 

KapuaJIIMT-mpeo6paxKeHCKHTOBad 10- 
powa Ha yuacTKax, He HeCYyILHxX ceOB 
HHTCHCHBHOrO JMHAMOMeTaMOpdu3Ma, OT- 
JIMYUaeTCA APKO BbIPAKeHHON BbIJep2xKUBA- 
IOULeHCA CJIOMCTOCTBIO. d 

CooTHOuleHHe MHHepaoB B Nopore uc- 
IIBITBIBaeT 3HAUMTCJIbHbIe KONeOaHuA, U 
KOJIMYeCTBO KapHaJWJIMTa, KU3epHTa, mpe- 
oOpaxkeHcKuTa, TraiuTa Mu Ouwodbuta B 
OTJCJIbHBIX CJIyYaAX MocTuraeT, MO jlaH- 
HbIM TlepecueTa XHMHYeECKHX aHaJIM30B Ha 
MMHepaJlOrnyecKWi COCTaB, COOTBeTCTBeH- 
Ho: 37, 57; 42; 204 17%. Ha tTakux yua- 
CTKaX He ABJIAIOTCA OOJIbLION PeAKOCTHIO 4 
MpOCJIOH MOUTH YMCTHIX MHHEepasoB (°). 

OyHako NOX BUIMAHHeM TEKTOHUKH H3 


Puc. 2. BpekumpoBaHHad alllaput-raJ 
TOBad Mopoya (ckBaxkuHa Ne 4445, ry 
OuHa 63,0 M). a@ — ranMT-alllapuToB 
nopoya, 6 — rasMT CBeTIO-cepblii, Me] 
KPHCTaJIJIH30BaHHbIM, 6 —TrauMT CO 3k 
YATeIbHOH MPHMeCbIO PIMHHCTHIX UaCTI 
@— H€paBHOMePHOIVIMHUCTHI Traut, ¢ 


° TaJuT ce BIH, CKPBITHOKPHCTaJIJIAY! 
3TOH MOpOsbl OOpasyerca NOMb3yr1olladca Rutt ae 4 igh: 
IIMPOKHM pacnpocTpaHeHHem OpekuneBuL- 

Had _‘ TaJIMT-KapPHaJIJIMT-KU3epUT-MpeoOpaxeHCKHTOBad  mopofa (CKBaxKUI 


NeNe 2953, 4646, 3101), Koropas mpegcraBaaer co6oI BecbMa CJIO2KH) 
MeXaHHYeCKylO CMeCb YNOMAHYTEIX MHHepaJIOB MpH OObIMHO BOspacrTaloll 
yo 30—50% pon ramuta. 

KouuuecTBeHHOe COOTHOMIEHHe MMHepaJOB B Heit MO CKBaxKUHAaM Kpaline 
NOCTOAHHO, a POPMa MHHEpaJIOPMYeCKHX BKJIOUCHHH H3MeHACTCA OT ocTpoyrou 


* 3apHcoBKH c HaTypbl Ana puc. 1—4 BemonHenst H. K. Bopo6bespm. 
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‘Perx OOJIOMKOB JO OKPyrvIbIX BLITAHYTEIX HH beKINH (puc. 1). Caenyer oTMetuTb 
fo Takue «OOJIOMKH» mpeoOpaxKeHcknTa, KaK mpaBuvo, CONPOBOXKTawTcn HW: 
KIMAMH KapHaJIJIMTa H KH3ePHTOM. 

Takoli xe OpeKuHeBH HHI XapakTep MpHoOperaioT NO BAMAHHeEM TeKTOHH- 
M TIMHUCTbIe CoM (pc. 2). Hamu HeosHoKpaTHO HaGvOLalacb BeCbMa BBI- 
DKaA NOABM2KHOCTh WpeoOpaxkenckuta (cKBaxkunbl NeNe 5225, 4947, 4791 
T. .), Mpw4emM KpoMe CJly¥aeB, B KOTOPbIX HHbEKILMU peoOpaxKeHckuTa UMe- 
IT BBITAHYTY10 (opmy (puc. 3), yqaBalocb BUeTb BLINOMHEHHe lipeoOpaxKeHcKu- 
PM TPeUlHH, CEKYIMX TaIMT C Npocioamu aHruyputa (puc. 4). 
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uc. 3. MHbekyHa mpeoOpaxkeHcKuTa B Puc. 4. TpemjuHa B ramuTe c mpocolKaMu aH- 
ZaNuTe C TOMMYHBIMA MpocamoiikaMu aH- PMApUTa, BLINOMHeHHAA KapHaJIMTCoLepxKalluM 
pyepaza (ckBaxkuHa Ne 4791, ray6uHa mpeoOpaxkeHCKHTOM (cKBaxKHHa Ne 4947, ray- 
44,5 M). @ — raIuT pa3IM4HbIX OTTEHKOB OuHa 109,3 M). a — cKpbITOKpucTamiMueckHit 
seporo upeTa, 6 —MNyukH ToHuHbIx rasIHT, 0 — MpocoukKu ceporo aHruypHta, 6 — 
pocmoeKk aHTHApHTa, 6 — HHbeKUMA TpeoOpaxKeHCKHT C paccexHHOM MpHMecbio Kap- 
‘peoO6paxKeHCKHTa, OKPy2KeHHaA KalMol HamutTa. 3:4 


\CepekpHcTammuH30BaHHOrTO ramuta. 3: 4 
i 


|, yecb HeOOXOJHMO OTMETHTb, YTO HECMOTPA Ha TaKY10 MOJBMXKHOCTh MHHE- 
Dawid MAKPOBKJIO“eHHH mpeoOpakKeHcKuTa HUTe HaOiOLaTb He yflaJlocb, Tak 
‘Kak paccpefloToyeHue ero B BHJe MCJIKHX BKJIIOUCHHH B FaJiHTe, MO-BHAHMOMy, 
tmocoOcTByeT nmepexoyxy ero B KamM6opuT (cKBaxkuHa Ne 4588), ruspobopaunt 
MIM alllapHr. 

B caMoe mocuieqHee BpeMA MO paspe3y MOLWLHOCTH B HECKOJIbKO MeTPOB yfla- 
wlocb MpocuequTb, KaK MeKHe (NomepeyHHKOM 3—7 MM) BKJIIOUeHHA Tpeocdpa- 
*KEHCKHTa B UYaCTHYHO TePpeKPHCTaJJH30BaHHOH KaMeHHOH COJIM MocTemeHHO 
BaMellaloTca TuApoOopaluTom. Murepecno, uto rugpoOopaluT pasBuBaerca 
8 BUJe PaluasbHOJyYUCTOH OTOPOUKN BKMOVeHHH (MHbEKWMH ?), mocTreneHHO 
BaMelllad MX Apa (°). 
| Kpuctauibl mpeoOpaxkencKuta 3flecb, yKe H3MeCHAA MOKa3aTeJM MpeJOM- 
ieHUA, elle COXpaHAIOT XapaKTepHy!0 WIA MpeoOpaxXKeHCKUTa BHELIHIOIO POpMy. 
| B nponecce uccefqopaHHi yalOcb YCTaHOBUTb TeCHYIO CBA3b Pa3BHBalo- 
LWMXCA HHbeKIUMH MpeocOpaxKeHCKHTa MH KapHaJJIMTa B TaJIMT Cc MpoleccaMu pa3- 
WIMH3OBaHHA KaJIMMHbIX H KaJIHUHO-OOPOHOCHBIX COJIeH NO BJIMAHHeM COJIAHOM 
rekTonuku. Llupokoe pasBHTHe TaKHX HHbeKIUMH CBA3aHO C HHTCHCHBHBIM 
DyluHaxem (7) H pe3KHM YMeCHDINCHHeM CIVJIOWIHbIX JIMH3 KapHaJIJIMTOBbIX MO0- 
pox. OSpasopanne OpeKuvpoBaHHbIX 30H ABJIAeTCH HauaJIbHOH cTayueH sTOrO 
mpolecca. 

Bo3HukKHoBenne onucanHol A. A. ApxemcKxum (*) G6opoHocHocTH rasta 
OObACHACTCA, IO-BHMMOMY, TepeMellleHHeM lMpeoOpaxkeHCKuTa BMecTe C Ppe- 
JIMKTOBbIMH paCTBOpaMH HM pacTBOpaMH, OOpasyIOUIMMHCA pH Aeruypatalluu 
cole, OG6ycOBIeHHOH MHHaMOMeTaMOpdH3MOM. 
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Caenyer oco6eHHO MOAYepKHYTb, YTO BCe MecTa, Te H3BECTHbI HaXOAKU 6c 
POHOCHOrO TaJIHTa, PacnoOJlaraloTcaA B HeMOCpeCTBeEHHOH 6.1M30CTH OT yYacTKO 
paclpOcTpaHeHHA KaJIMHHbIX Covel. | 


Ilocrynuso 
21 II 1959 


UWHTMPOBAHHAS JIATEPATYPA 


* A.M. Aug penues, Tp. Toc. uncr. ropHo-xumuu, cbippa, M.—JI., 1953. * T.Pem 
Gepr, IIpupoquei u skcnepHMentambHblii Oy MHA CTPyKTypbl pasHH30BaHHA, B KH. Botpo 
Cbl SKCI€PHMeHTaJIbHOH TeKTOHHKH, M., 1957. 3 9. A. p*x*emMCKH4H, Tp. Bcecows3n 
MHCT. ranypruu, B. XXIX, JI., 1954. 49.9. 4 p*xemcKuH it, JAH, 111, Ne 3 (1956) 
° A.A. Apxemcexkudh, JAH, 111, N 5 (1956). 
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Jloxnays Akanqemun nayr CCCP 
1959. Tom 126, Ne 4 


PEOAOPH 3} 


r. M. TAMPA3AH 


O HEKOTOPbIX 3AKOHOMEPHOCTAX H3MEHEHHA COCTABA 
| TASOB HE®TE-FA3OBbIX MECTOPO)KAEHHA ANMEPOHCKOrO 
-  TOJIYOCTPOBA 


(ITpedcmasaexHo axademuxom H. M. Cmpaxoseim 21 II 1959) 


Bonpocy u3yyenua coctaBa Here Hedre-ra30BbIX MeCTOpOXKJeHHii NOCBA- 
PHbI MHOTOUHCJIeHHbIe. paOOTb! Pa3s/IMUHBIX HCCJeLOBaTeIeH, HU MpH 9TOM JIC- 
THYTHI, KaK H3BeECTHO, OYCHb BaxKHble pesyJbTaTbl. B TO 2%e BpeMa cocTaB 
#30B 9THX MECTOPOKJeHHH H3yYeH B HECPpaBHEHHO MeHbIIeH Mepe, H B OTHOLIe- 
(Md HAX BbIABJICHO OYEHb MaJIO OCOOeHHOCTeH, CBAZSAHHBIX C reosIOrHyecKOli O6- 
1 aaa BMeIalOUlHX MecTOpoxKseHHhH. Mexyy TeM, pe3Koe ysBemMueHne 
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Puc. 1. M3menenue cocraBa ra30B, CONyTCTBYIOWMX HedpTH, co crpaTurpaduye- 

CKO rlyOMHOli MM yJeIbHbIe Beca HepTeli B BanaxaHo-CaOyHuH-PamMaHiHckOM 

MecTopoxKyeHun (AnuepoHcKHit MomyocTpos). a — MeTaH, 6 — 9TaH, 6 — IIpolan, 

2 — 6yTaH HM Oomee TAxKeNbIe yrmepoyopoybl (YB), oO — yruekucibli ra3, e — 
YeIbHbI Bec HepTH 


daueHHA Ta30B HedTe-ra3OBbIX MeCTOpOXKMeHHH B KaveCTBe BaxKHeMLUerO CbIPbA 
{a HapOJHOrO XO3ACTBa BbIABUraeT HAaCTOATEIbHY}O 3afady BbIABJICHHA OCO- 
jHHOCTeH H 3AKOHOMepHOcTel B pacmpeseJieHHH BeWLeCTBeHHOrO CocTaBa Ta30B 
(prera30HOCHbIX PaHOHOB HM OOJacTel. 

| B jlaHHOH CTaTbe MbI OCT€HOBMMCA Ha pacpefesJIeHHM COCTaBa Ta3a CO CTpa- 
irpadbuyeckoli rmyOuHO B CBASH C AMTOMOrHel BMEeLalOULMXx OPO HM Ha CoOT- 
It a MexK]Ly paHee yCTaHOBJICEHHbIM H3MeHEHHeM COCTaBa Here HU COCTaBOM 
4308, COMYTCTBYIOINMX HedpTu, B MecTopoxeHuax AmimepoHckoro novryoct- 
pBa. 

| Ha puc. 1 u 2 noka3aHo usMeHeHHe cocTaBa ra3OB_ MpOAyKTMBHOH TOVILLH 
yX HavOoulee BaxXHBIX MecTopoxyeHHH AmmepoHcKoro moyocrpoBa (Basa- 
HbI-Ca6yHun-Pamanunckoe u BuOusiiGarcKoe MecTopoxeHHA); IIpH 9TOM KC- 
JIb3O0BaHbI 10 Ha3BaHHbIM AByM MecTopoxeHuaM 210 oOpa3iloB nomyTHOrO 
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rasa, pOaHaJIM3HpOBaHHBIX B aOopaTopuAx yupexkleHHH MPH MHII Asep6CCP. 

Kak Buy{HO W3 9THX PHCYHKOB, B PaCCMaTPHBa€MBIX MeCTOPO*KCHHAX CO- 
ylepxKaHve MeTawa co crpaTurpacbuyeckoH TIyOMHOH BO3spacTaeT (or 60—70 
mo 85—95% Bs Banaxano-Ca6yHun-PaMaHHHCKOM MeCTOpOAAeCHHH H OT 72— 
82 no 90—93% B BuGusiOaTcKOM MecTOpoxKeHHH). 

CoyepKanne 9TaHa, mpomaHa, OyTaHa MH Oomee TAXKEMbIX YIIEBOAOPOMOB CO 
cTpaTurpadbuyeckoli r1yOHHOH B OOLeEM YMeHbIaeTCA B O60HX Ha3BaHHbIX MeCTO- 
PO MeHHAX. 
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‘Puc. 2. Hamenenne coctapa ra3op, CONMyTCTBYIOMUX HepTH, co cTpaTurpadHyueckol riy6uHO! 
H ylebuble Beca HecbTeli B BuOvai6aTcKOM MecTopoxkKeHHH (AnilepoHcKHi NosyocTpos). a — 
MeTaH, 6 — 3TaH, 6 — Mpomau, 2e — OyTaH, O — MeHTaH UH OoNee TARKEMbIC YIIeEBOROPONL, e — 

yIIeKHCJIbIM Tas, 9c — yJ@NbHbIM Bec He*TH 


YBeHYeHHe COepRKaHHA MeTaHa HM YMEHbINeHHe COCTABa TAXKEJIbIX YIJIEBO 
HOpOAOB cO cTpaTurpaduyeckoH riyOuUHOH OTYeTIMBO BHAHO Mpu paccmoTpe 
HHH H3Me€HCHHA B CaMOM YIVIeBOMOPOAHOM COCTaBe NONYTHHIX Ta30B (puc. 3) 

Ha cove oOulero yMeHbILeHHA CO CTpaTurpaduyeckoH raiyOuHOH copfepxKa 
HUA TsKeJIbIX yruieBoqopoxoB (TY) HaOmofaerca ux yBemMYeHHe B HanOoue 
TJIMHHCTHIX WIM, MPeCHMYyWeCTBeHHO, MeC4aHO-aJICBPHTOBO-FIMHUCTbIX CBUTA! 
(KHPpMaKHHCKanw WM CaOyHYHHCKaA CBHTHI). HanMenbliuee cogepxkanve TY mpx 
ypounBaerca K MeCuaHbIM HHTepBaJlaM MpOYKTHBHOH TomUUM * (puc. 3). 


* [I[pogykTupuaa Toma Baaxano-Ca6ynuv-PamMaHHHcKoro MecTopoxKyeHHa Govlee Aud 
(pepeHUMpoBana M0 JMTOMOrMYeCKOMY COCTaBY B BePTHKaJIbHOM HallpaBJIeHHH, Heke paspe 
ee B BuOusiiOaTcKOM MecTopoxKeHHH, re MHOrHe MecuaHble HW aJIeBPHTOBbIe MpOcmON NepexosA 
B aJI€BPUTOBbIe H PVIMHMCTbIe MPOCMOM. ITO, B YaCTHOCTH, MPOABHJIOCb M B M3MeHEHUH MO paspes 
cocTaBa MOMYTHBIX Tasos. 

B Banaxano-Ca6yHun-PaMaHMHCKOM MecTOpoxKeHuH, Pe paspes Gonee Audbepenuupowa 
M HMe€eTCA MHOFO MOULHBIX MeCYaHbIX TOPHSOHTOB HU MacTOB, TeHJeHWMA K IpHypOunBaHHW Ts 
*KENbIX YICBOAOPOAOB K TIMHMCTbIM CBUTaM Oosee ACHa, YEMB MeHee MdbepeHIMpOBaHHOM 
3HAUHTeIbHO Oosee TIMHUCTOM paspese MpOLYKTHBHOH TomMH Bu6usti6ata, rye, c OHO cr 
POHbI, COep%KaHHe TAKEMLIX yrieBOLOpOAOB Oomee MOBHIWWEHO, a C APyroli,— S6omee OTYeTHE 
HaOsOLaeTCA YMeHbINeHHe COep%KanHA TAXKEMLIX YreBOLOPOAOB NO Mepe yBeNMUeHHA ylem 
HOrO BeCa He*bTeH co cTpaTurpaduyeckoH rayOuHOL. 
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OjepKanne yrviekucoro raga co cTpaTurpaduyeckol rtyOHHOH yMeHb- 
tea (oT 20—35 yo 8—10% u menee B BastaxaHo-Ca6yHun-PaMaHHHCKOM Me- 
boxkeHuu u or 10—17 no 3—6% B BudusiiGarcKoM MecTopox JeHHh). 
O cTpaTurpaduyeckon riyOHHOH yMeHbllaeTCA YJeJIbHbIM BeC MOMYTHbIX 
B WH COfepxKaHHe OeH3HHAa B HHX. 
Spe PacCMOTPeHbI Ba MecTOpOXTeHUA, OHO U3 KOTOpHIX (Baslaxano- 
yHuH-PaMaHHHCKoe) pa3MbITO JO HMKHETO OTJeNa HedTera3soBMelllalouleH 
Wy KTHBHOH TOJILIH, a Wpy- 
(BuOusHOatTcKoe) noun A 
HOCTbIO COXpaHeHO OT 
bIBa (Ha CBOJe CKIa_Ku 
aKAIOTCH TOJIbKO CaMBIe 
XM  HaHOoslee BepXHeli” 
bl MIpOLyKTHBHOH TOWI- 
B o60HX 93THX MeCcTO- 
KMe€HHAX, H3 KOTOPBIX, 110 
HbIM Ha 1957 r., momyue- 
Oomee 61% Bceli B Teue- 
CTOJICETHA U3BJIE4YeHHOH 
AmulepoHcKoM —nouly- 
jpoBe He*PTH, HMeIOT MeCTO 
‘TH OHM HU Te Ke OCObeH- 
1TH B H3MeHeEHHM cocTaBa 
tyTHBIX. Ta30B CO cTPpa- 
paduyeckoH rvlyOuHOH. 
WaJIOTHUHbIe +» OCOOeHHOCTH 
(M40 HaOwlofaloTcA HW B 
VPux MeCTOPOXK EHH AX 
§MuepoHcKoro. mosyocTpo- 
| OOpaTHble culyuan peqKu. 
OrmeueHHbIe 3aKOHOMep- 
fTH B H3MeHe€HHH cocTaBa 
TYTHBIX Ta30B, €CTeCTBEH- 
| CBASbIBaIOTCA B TlepBy!0 Z 3 
Bpeb Cc cocTaBoM Hern, 0 10 20 100 0 0 2 0% 
HUM W3 HaHOouee OOULMX * 


«Ka3zaTeseH KOTOpOrO «AB- [==] a SN & 


TCA CJIbBHbIM BeC HX. 
ii yA Puc. By. M3meueuue yrTeBOAOpOAHOroO cocTaBa MNOMYTHbIX 


(CBASH C STHM 3daMCTHM,  pazop co crpaturpaduyeckoli rmy6unoli B Banaxano-Ca- 
i B Upefemax AnulepoH- 6yHun-Pamanunckom (A) u Bu6uaii6atcKom (5) MeCTOpOx- 
Dro NOsyOcTpoBa Cc yBeH- AeHuAX. a—MeTaH, 6 — 9TaH M Oosee TaAxKeNbIe yrue- 
HHeM yJeJIbHOrO Beca Hetp- BOROPOAN 

i yBeMuMBaeTcCA cojep- 

HHe MeTaHa HM YMeHbIlaeTcH cofepKaHve TAKEILIX YreBOLOpOZoB (mospob- 
P cM. puc. | u 2). 

|| Tlapasemu3M B H3MeHeHHM cocTaBa Hedru (yBemM4YeHHe yJebHOrO Beca) 
cocTaBa ra3a (yBeIMueHHe COJepxKaHHA MeTaHa HM YMeHbIWeHHe cofepKaHuA 
WKEJILIX YIVIeEBOLOPONOB) YyKasbiBaloT Ha HX MPHPOAHy!O CBsA3b. 

| Ecum mpwnsaTb BO BHUMaHHe, 4TO MpoBexeHHbIMM padotamy (™, 1°) BbIABJIe- 
| OTUeTIMBaA MePHOAMUHOCTh B M3MeHEHHH KaecTBa HedTe B MOCTaJIbrOHK- 
joe BpeMA, CBA3aHHaA C TEKTOHHYCCKHMH STaNaMH Pa3sBUTHA SeMIM, TO MOXKHO 
\laraTb, UTO HW H3MCHEHHA COCTaBa ra30B, OyAy4H COMNpAXKeHHbIMH C COCTaBOM 
Kbreli, KOTOPbIM OHH COMNYTCTBYIOT, TaKxKe MMeIOT OOIIeMaHeTapHbIe 3aKOHO- 
}pHocru. B uacruocTu, c JoKasaHHbiM ((", 1%, 1°) uw ap.) yraxesenuem Hedreit 
IIPOTAXKEHUM MOCTAJIbTOHKCKOrO BpeMeHH (OT HHKHETO Masleo30A K KaliHo- 
) HEMHHYeMO CBA3aHO yBeMUeHHe COJep%KaHHA MeTaHa B TOM x*Xe HalpaBuJe- 
MW (K KaiHO30I0) UM yBeMYeHHe COJepKaHHA TAXKEILIX YIIEBOLOPOAOB B OOpatT- 
\M HanpaBseHHu (OT TPeTHUHBIX K HHKHEeMaeO3OHCKHM OTJIO%KCHHAM). 


Cua 


ypaxaricten CGurn: 


1Z 


, 
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IIpeumyilecTBeHHoe pacmpocTpaHeHHe JIErKHX MaCJIAHHCTHIX HW MaCJIAHHC: 
CMOJIMCTBIX OHTYMOB B HaHOoslee TOHKOSePHUCTHIX nopogax (°, °), YacToe Mf 
ypOUMBaHHe K 3THM MOpoOsaM HaMOovlee JerKUX Here — Kak B paspese OTMe/ 
HbIX HecpTeHOCHbIX Oaccelinos (1, ?, 4, 7, 8, 191%, 17-70), Tak HM MO OTAebHBIM Freod 
ruyeckuM cuctemam (2°, "4, 18, 1), veHneniMa K OOorallleHHIO 9STHX MOP 
ra3000pa3HbIMH yruleBoopoyqaMu (yBeJIMYeHHe COOTHOWICHHA MexK]y Ta3s0M 
Hedro1 (*, °, 1, 14, 1%)) vu, HaKOHeL, BbIABJIAe€Mad B JaHHOM CTaTbe CKJIOHHOC 
K YB@JIMYCHHIO COMepKaHHA THXKEMbIX YPIeBOLOPOAOB B MOposax Cc Ooslee TOHI 
3ePHUCTOM CTPpykKTypolH — BCe 3TO MO3BOAeT MPHHTH K 3aKJIOUeHHIO, TO Pé 
HOOOpasHble OHTYMbI (TBEPAble paccesHHble OMTYMbI, Herb, ras) HW UX BeLler 
BeHHbIM| COCTaB HaXOJATCA B IpHpose B TECHOM HM OMpeseIeHHOM CBA3H C JIM] 
JIOPMeH BMelULaIOULHX OTJIOXKeHHH. 


VWuctutyT reosoruu TloctynuJio 
um. HW. M. Ty6Kuna 21 II 1959 
Akajlemuu HaykK Asep6CCP 
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Hornagn Ankagemuu nayr CCCP 
| 1959. Tom 126, Ne 4 


| TEOJOrH A 
tO. M. TPO®HMOB 


CEMEHHDbIE ®JIOPbI YETBEPTHUHbIX OTJIOKEHUM 
HH3OBbEB AJIJAHA HW JIEHbI 


| ([Tpedcmasaeno axademuxom A. J]. Anumunoim 28 II 1959) 


aa orpomuon TeppuTopuu AkytcKol ACCP y Hac Her nouTH HuKaKHX aH- 
}K O YeTBEPTHUHBIX (Opax, ONMCaHHbIX Ha OCHOBe KapMOJIOrM4ecKUX UccyIe- 
HaHuit. Ha conpeeibHbIX TeppHTOPUAX OHH M3yYeHbI 3HAUNTeMbHO YUU, 
fPumep B SanayHol CuOupn, B OCHOBHOM 10 OcTaTKaM IIIOJOB uM CeMaH (pa- 


Hot Il. A. Huxutuna u II. U. Jtopodeesa). Uersepruunpie dsoprt Cesepo- 
Irtoka CCCP usyuyatorcs A. II. 


[;bKOBCKHM T[VlaBHBIM OOpa3oM 
;}iCKOM@e€MbIM LWIMUIKaM H MIblvIbIe. 0 
1B npedviaraemon craTbe Jleaer- 
fMepBad MOMbITKa OMMCaTb YeT- 
IiM4HbIe (opel AKyTHH (HYxK- 
Teuenve Agana u Jleubl) no 3 5 
IbTaTaM KapnomorMyeckoro 
pe MW CpaBHUTb NOJIy4eHHbIe 
HHbIe C HaXOJKaMH MCKONaeMOl 
iiibIkbI H3 STHX 2%Ke OTVIOMKeHHH. 10 
\ THYeCKHH MaTepHasl uacTbIO 
coOpaH aBTOpOM, a 4acTbIO 
nyueH oT M. H. Anexceezga, 
ie Banrenreiim, H. I]. Kyp- 4 


, Mamonmoba 4yucKoe 
2opa"” obHarHeHUe, /obopobo 


q! 


doh, MW. M. Xopesoli; au- Sa. 
MbIWIbIeBOrO aHvasH3a — OT cee 
i. Durepman. ' CS ar, 
apnosoruyeckuve onpefeneHuA = oe a sSle 
Soe if yi 
JM3BOLMIMCb Ip KOHCYJIbTAa- wee 
1 Il. VW. Jlopodeespa (Botauu- FOee = =17. am 
Kua uHcTutyT AH CCCP). page) 
Maxkpockonuyeckue ocraTKH 2 bees FESao (7 
| PbI OMHCaHbI U3 YeTHIPeX MecTO- avin Le Beale 
ioKqeHnH ua Anjane u Jlene: Folsee We 
| «MamouToBa ropa» — JIeBbIii eee 
fed Ie ts 


mr Angana, B 320—325 xm W& 
; Pulay Es “ v af , 

1 e yerba *; 2) «yticKoe 06 Puc. 1. CxeMaTHuecKui paspe3 yeTBepTHUHbIX OT- 
KeHve» — IpaBbli Oeper Anfa-  joxennii no Aamany « Jlene. 1 — cospemennas 
\B 30 KM BBIille ycTba; 3) OOHa- nousa, 2 —CyTIMHKH, 3—necku, 4 — Meck 
ue y oc. Krocrop — rIpu KococmolcTHe, & —TaneuHuK, 6 — ucKOMaemble 


bs .  pacTHTeJIbHble OCTaTKH, 7 — MecTa B3ATHA OOpas- 
{eHu p. Kypaauax B Jleny; OB ¢ HCKONMaeMbIMH CeMeHamu, S& — uckoMaemax 
bOHaxKeHHe O1u3 moc. Tosopo- mpenecuna 


— jlepbtii Geper Jleust. 

(Cxemaruueckue pa3pe3bl MepeuvCJIeHHbIX OOHa%KeHHM MNpeCTaBJIeHbl Ha 
1h Be 

IB nepBbIxX JByX HW B YeTBEPTOM OOHAXKeHUAX HAXOAKH PaCTHTEJIbHBIX OCTATKOB 
typouuparores Ko II Teppace, a HaxogKu y moc. Krociop — K BbICOKOM MOH- 


* O6pasibl coOpaHbl u3 ceBepHoH YacTH OOHaKeHUA, KOTOpad UpeAcTaBsAeT co6on II 
acy AujaHa, BpesaHHylo B Coulee ApPeBHMe OTMOMKEHHA. 
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me Jlenpt. PacruTebuble ocTaTKHM Yallle BCero OOHAPy2KMBaIWTCA B CyMecAX HJ 
necKaX 9THX OTOKeHUI, HU WuUIb B OOHaxkeHuM y noc. Kiociop OHM ObWIM & 
BJICUCHbI W3 Mep3JIbIX HVJIOB. 

Kak npaBuuio, KpoMe CeMAH H TJIOJOB CpeAM PaCTHTeJbHbIX OCTATKOB BCTP 
YaJIMCb HeEOMpeseJIHMble OGJOMKH JPeBeCHHbI, OOPbIBKH JIMCTbeB M ApyrHve 4 
cTw pacrenuii. B ormoxweHuax «Uylickoro oOHaxKeHHA» H «MaMoHTOBOH Top! 
3. A. Banrenrelim Obl HaliJeHbl H ONpeeJIeHbl OCTATKM TPbISyHOB: Lemm 
obensis, Lepus timidus, Dicrostonys torquatus, Ochotona cf. hyperbore 
[lpuBoquMble HwxKe JaHHble NbIIbWeBOrO aHasMsa (Tad. 1) OTHOCATCH K TEM 2 
COAM, YTO H HaXOAKH MakpooctaTKoB (piopbl HU PayHBl. 

pu anasmuse Tab. 1 erKo 3aMeTHTb, YTO BO BCeX POPHCTHYeCKUX KOMIINE 
cax Beflymlee MOMOXKeHHE 3AHHMAIOT TPaBAHUMCTbIe PacTeHHA, 9TO NOLTBEp KP 
eTCH JaHHbIMM Kak KapmoslorMuecKoro, TaK HM MbIJIbIeBOTO aHaJIH3OB. 

CpaBHenne cbiopuctuyeckux KomMnIeKcoB «MaMoHTOBOH ropbm, «UylicKo 
O6HaxKeHU A» HW MecTOHaxomxeHua y noc. PopopoBa o6Hapy2KuBaeT JOBOJIbHO O10 
KW HX COCTaB, 3aCTaBJIHA MpeqnOsaraTb HX MPpHMepHYy!O OMHOBO3PaCcTHOCT 
STH KOMIMICKCHI JOBOIbHO OIM3KM HM K HECOMHEHHO FOJIOMEHOBOM «KIOCIOPCKO 
(biope. CeqoBatebHO, BO BpeMaA OOpa30BaHuaA II TeppacbI (U3 OTOKeHHK kK 
TOPOM BbINe/eHbI NepBbIe TPH KOMMseKca) KIMMaTHYecKHe YCJIOBUA ObIIM OF 
KM K COBP€MeHHBIM YCJOBHAM Hu30BbeB JleHEI. 

Anamusupya (blopbl THX OTMOXRKeHHH, MOXKHO BUJETb, YTO OOJIbINMHCTBO P 
CTeHHM XApaKTePHO JIA O3EPHO-OOMOTHBIX JaHAWAaPTOB C BECbMa CYPOBbIMH KJ 
MaTHY¥eCKHMHU YCJIOBHAMH. CKopee BCero 3J/eCb B 9TO BPeMA FOCIOACTBOBA. 
WecoTyHpa, MoqoOHadt cCOBpeMeHHOH JIecoTyH~pe HwxKHero TeyenuaA Jlem 
Sylecb pacnOJlarasucb MHOTOUNCeHHbIe O8epla H OOsOTa C 3apOCIIHMMH TPaB 
HUCTOM paCTHTeJIbHOCTbIO OeperaMH, BOSBbILIeCHHbIC YacTH pewbeda OBI 
KPbITbI KapJIMKOBOH Oepesoi HM HBOH, U3peKa BCTPeuaJIMCb OTIeJIbHbIe SK3E€ 
IWIAPbI LaypCKOW JIMCTBEHHUUbI U CTJIAHMKOBOrO Kej[pa. 

B nobsy TaKoro MpeANONORKeHUA TOBOPAT W HAXOJKM OCTATKOB IpbI3yHO 
Lemmus obensis, Dicrostonus torquatus, Ochotona hyperborea, koTop: 
OOUTAIOT TOJIbKO B TYHAPOBbIX H JICCOTYHIPOBbIX YCJIOBMAX; B HAaCTOAIL 
BDeCMA 1OX%KHAA paula UX pacnpocTpaHeHunA B SKyTHH MpOxOUT B 30) 
JIeCOTYHIpbI. 

Takue KJIMMaTHYeCKHe YCJIOBHA B JaHHOM PpaHOHe MOKHO OObACHHTb Te 
4TO B 9TO BpeMA B BepXoaHbe MHTCHCHBHO Ppa3BUBaJIOCb OvleqeHeHve, MW BUH 
HHe JIGMHHKa OTPHWaTeJIbHO CKa3bIBaJIOCb Ha Pa3BUTHU MeCTHOH POpbI H PayH 

BoJIbuIHHCTBO UCCJIeLOBaTeleH OTHOCHT 9TH OTMOKeHHA (II Teppacbi) 1 
BIOPpOH NOJOBHHeE cpefHero nuvevictoueHa. I]. UM. Jlopocdees cuntaer, uro BC 
PpacT 9THX OTJIOXKeHHH COOTBETCTBYeT PHccy MH pucce-BlopMy Exspons. Tak 
MHeHve C HallleH CTOPOHbI He BCTpeyaeT BO3pPaxKeHuit. 

Ec.IM CpaBHUTb COBPeMeHHY10 (Opy ONMMCaHHIX paOHOB Cc HCKONaemo# chu 
pow, TO XOPOLIO 3aMeTHO, UTO NepBad 3HAYHTeMbHO Ooraye BUAaMU, H OCObeH! 
T{peBeCHbIMM M KyCTapHHKOBbIMU (opMamu. B HacTosmlee BpeMA OTHOCHTE 
HO WIMpoKO pacpoctpaHenb Larix, Betula, Salix, Alnus, Picea, Pinus u p 
APyrux pacTeHul, IpHueM NepeyncJIcHHbIe (POPMbI 3aHUMAIOT BeMylee NOOK 
B (IOPHCTHUeCKHX KOMIVIeKcaXx. 

YBeruueHve [PeBeCHEIX (OPM B PaCTHTebHOM KOMMJIeKCe MOFIO MpoOHse 
TH JIMMIb 3a CUeT YJIYYUICHHA KJIMMaTHYeCKUX YCJIOBHM, a MMeCHHO 3a CHET I 
TeIJI€HHA (KOTOPOe, B CBOHO OUePeb, BbIZBaJIO HEKOTOPOe, XOTA H He3HauUTed 
HO€, NOHWKEHHe BEYHOM MeP3JIOTHI), YMCHbINCHHA 3a60JIOUCHHBIX NpOcTpaHci 
NOBbIMCHHA CTEMCHH adpalMu AKTMBHOFO CJIOA NOUBLI, a OTCIOMa M COKpallleH: 
B PaCTHTeJIbHOM KOMMJIeKce THApOPUIbHOH pacTuTesbHOCTH. | 

IIpu JerabHOM u3y4eHHH CeMAH OLHOFO H TOO xe Bua pacTeHUil, coOpa 
HBIX H3 OTO%KeHHH HMKHero Anjana wu Hw xKHe JlenbI, KaK mpaBuuJo, F 
OmloqaeTcA pasiMune B HX pa3BUTMH: <«amaHcKHe» BUI WOUTH BCer 
HMeIOT OOJIbUIHe Pa3MepbI, Cpe HUX MeHbUIMi NpOWeHT HeOpa3sBUTEIX CeMaA 
B MepBy!0 Ouepelb STO OTHOCHTCA K C€MeCHaM JPeBECHbIX PacTeHHii H KO BC 
Bugam Potamogeton. 
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Pinaceae 

| Pinus sp. 

) Picea sp. 

| Larix sp. 

| Larix dahurica 
_ Abies sp. 

3 etulaceae 

| Alnus sp. 

_ Betula sp. 


fipreacese 

Cornaceae 

Cornus sp. 

Rosaceae 

| Rosa sp. 

Rubus idaeus L. 
Potentilla sp. 
Comarum palustris L. 


Potamogetonaceae 

_P. obstusifolius L. 
P. perfoliatus L. 

P. Friesii Rupr. 

P. heterophyllus Schred. 
P. compressus Fr. 

P. pectinatus L. 
Polygonaceae 

Polygonum amphibium L. 
_ Rumex arcticus Traut. 


pparganiaceae 
Sparganium sp. 


1& rostrata Stok. 

| C. Stans Drej. 

| Eriophorum vaginatum L. 
Scirpus sp. 

_ Eleocharis sp. 
WViolaceae 

_ Viola sp. 

nagraceae 

| Trapa sp. 

mentianaceae 

|| Menyanthes trifoliata L. 
Taryophylaceae 


| 


|| Melandrium sp. 
Ranunculaceae 

| Ranunculus sp. 
Vacciniaceae 
Oxycoccos sp. 
Labiateae 

| Scutellaria sp. 
| Nepeta sp. L. 


| Ceratophyllum sp. 
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Ta6nuua 1 (mpozom«enne) | 


PF 
Ilo Kapnomornueckomy Ilo npiipyeBpoMy aHaJHsy 
aHaJlusy ‘ 
ws | @ fe) . o ¢ 
se | >so|] 62 | ga | S$ DEO 33am 
Re PRSE| ge | £2.) 42 | een jo 
Nymphyeaceae pale ain: is 
Nyniphaea candida Prsl. — + — aL i 
Hallorrhagidaceae ke By i 
Myriophyllum sp. — + + + 
Hippuris vulgaris L. + + + a2 
Compositae = a a aa ne a: hie 
Artemisia ag =a BE 
Chenopodiaceae a = Je ac 
Cruciferaceae a = Sy == ae a gies 
Gramineae ai oe as 


I] puMeTaAHHe. B pxAae C1yuaeB IIbIIbIeBOH aHasIH3 JaeT BOSMOXHOCTh yCTaHOBUTb 
CHCTe€MaTHyeCKy!O NpHHaJIe*KHOCTb TOH HAH WHOM MbIIbIbI TOMbKO JO ceMeHcTBa. J) aHubix 
NbIVIBUeEBOTO aHaJIi3a MO Tosoposy HeT. 


Ilo pce BepoxTHOCTH, 9TO pa3zsmMuHe MexKy «a aHCKMMu» HW «JIeHCKHMH» 
BHaMH MOXeT ObITh OODACHEHO TeorpadHyecKHM MOJIOXKCHHEM OMHCHIBAeMEIX | 
TePPpHTOPHH, TaK KaK PaCTeHHA, pasBHBaBIMecA B Oosee BLICOKHX IMpoTax, 
€CTECTBCHHO, HaXOJMJIMCb B Ooslee CYPOBLIX YCJIOBHAX BHeLIHeEH cpesbl. 

PaccmoTpeHnhe JaHHbIX KapnmosOrMyecKOro M MbIIbUeBOTO aHasIH30B MOKa-— 
SbIBaeT, UTO OOJIDUIMHCTBO pacTeHHH OOHAPyXHBaeTCHA H TEM HW APyrHM MeTOJOM 
M JIMUIb YaCTb KaKHM-JIHOO OHUM. CyleqOBaTebHO, JIA TOTO UTOObI UMeTb MOJ- 
Hoe mpefcraBleHve O (bilopHcTHyecKOM KOMMJIeKce, HeEOOXOJMMbI JaHHble O60- 
UX MeTOJOB, AONOMHAOWLUX Apyr Apyra. 


Teonormueckuit MHCTUTYT Toctynuuio 
Axayemuu Hayk CCCP 27 II 1959 


Aoxaayn Akayemun nayx CCCP 
1959. Tom 126, Nb 4 


MHHEPAJIO‘HA 
A. HW. KOMKOB 


PEHTTEHOBCKOE HMCCJIENOBAHHE WMCK YCCTBEHHbIxX 
PEAKO3EMEJIbBHbIX COENMHEHMU THIA TRNbO, 


(ITpedcmaeaeno akademuxom A. A. Toakanoceim 16 III 1959) 


Cpequ xMMMueCKHX CoequHeHHH Tuna ABO,, rae A, B—xatuonn, a O— 
WKHcIOpoN, pelKO3seMesbHBIe CoequHeHuA TRNbO, (TR—La, Ce, Pr,... u 
seas PEAKOSCMEJIbHBIE SJIEMEHTHI) JO CHX NOP B CTPyKTYPHOM OTHOLIeHHH 
CTaBaJIMCb HEH3YYeHHbIMH. 

B uccleqoBaHHBIx coenuHeHuax ABO, MoxHO MpocaequTb onpeneseHHyio 
:aBHCHUMOCT THMla CTpyKTypbl OT pa3MepoB MOHHBIX payuycos voHoOB A u B (1°), 
_ [lo pasmepam vona B coenunenua Tuna TRNbO, 6nu3Ku K BOsmbbpamaTam 
fit MomnOnatam (Rt = 0,65, R&P = Rot — 0,66), a woHHbIe pamuycet TR** 
WiexKAaT B JOBOJbHO WHPOKOM J\Mala30He 3HayeHul oT 1,04 ana La®* no 0,80 
qua Lu (4). Y BombppamatroB u monn6qatos Tuna A (W, Mo) Q,, umeto- 
{MX HOHHbIe payuycbl MOHOB A, OH3KHe K yKa3aHHbIM 3HaveHWAM WOHHbIX 
PANMYCOB PeKO3EMEJIDHbIX 3JIEMCHTOB, OOHapyxeHo (1%) WBa pa3sMUHbIX THA 
‘TPYKTyp: WeenutTa (mpH Ra, OnH3KOM K 3HaYCHHAM MOHHBbIX payuycoB rpyn- 
bl Wepua La®*—Sm** 1,04—0,97) u sBompcbpamuta (pw Ra, 6M3KOM K 
#8HAYeCHHAM HOHHBIX pawMycoB rpynnbl utTrpua Gd** —Lu®* 0,94 — 0,8). 


Tao canal 


XuMuyeCKaA XapaKTe€pHCTHKa MCXOJHbIX OKHCJIOB 


Haspanue 
oKucwa 


CoyepxxaHue 
uMCcTOrO 
okucsla B % 


CofepxaHue mIpumMecH B % 


La2Os 98,9 Ce— 0:5; Pr =.0,1° Nd— 0,3; om — 04: 
Si— 0,01; Mg — 0,03 

CeOz 99,2 [a <A Y ESO ST 0301s Mare 0,05: 
Mn — 0,004 

Pr2Os 99,5 Ce< 0,1; Nd—0O,3; Fe <0,01; Cu< 0,005 

NdgOz 99,6 La< 0,1; Ce—0,2; Mg —0,01; Fe < 0,08; 
Cu — 0,001; Pb — 0,04 

Sm2O3 99,7 Y= 0;2% Dy=20A Ho <0, Ndi 01 

Gd2,03 98 , 67 TR—41,3; Ca —0,02; Fe << 0,041; Cu < 0,05 

Dy203 98, 44 TR — 4,05; Ca — 0,07; Fe << 0,01; Cu< 0,005 

Er2O3 99,4 Y— 0,5; Yb—0,3: Ce —0,1; Mg —O,1 

Yb2Os3 99,95 Tr < 0,1; Ca—0,03; Fe <<0,01; Cu <0,005 

Nb2Os5 99, 7 10/2 BPs OF 


BaxHo ObluIO H3yYMTb KpHcTalMyecKylO CTpyKTypy coeMHeHHH TRNDOg 
BHIACHUTb, OOpasyI0T JIM peKOSEMeJIbHBIe 3JICMeHTbI OJMH HeIIpepbIBHBIV 
MB3OCTpyKTypHbIli pay TRNbO, um, No anasiorun Cc BOuIb(ppaMaTaMH WH MOJIMO- 
taTaMH, TOCJIeOBaTesbHOe 3aMellleHHe OMHHUX PeMKOSCMCJIbHbIX 9JIEMCHTOB 
M{pyrHMM, C MeHbUIMMM VOHHBIMA pay¥ycaMH, NpPuBOAMT K MopdoTpolnHOMy 
H3MeHeHHIO KpicTamuimuecKol cTpykTypbl. Kpome Toro, BaxkHO ObIIO ycTaHo- 
BuTb BO3MOXKHBI€ CTPYKTYPHble CBA3H Me%Ky 9THMM COeCAMHEHHAMH MH MHHe- 
Ibanamu rpynml depryconuta (Y, TR) (Nb, Ta) Ou. 

Jina sto mem OblmM CHHTe3HpOBaHbl MH U3ydeHbl peHTreHorpaduyeckH 
roequnenua Tuna TRNbO,g co CaelyioulHMH PpeAKO3eMeJIbHbIMH KaTHOHaMH 
TR3*: La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb (cM. Ta6n. 2). CuHTe3 TIpoHs- 
BOMJICA CIlaBJICHHeM SKBUBAJICHTHbIX KOJIMYCCTB TR,O; u Nb,O; B llaMeHv 
KMCJIOPOMHO-BOAOPOAHOM TOpeJIKH H B IJIaMeHM BOJIBTOBOH AYru. area bo 
XapakTepuCTHKa OKHCAOB, HCMOJIbSOBaHHBIX ]\ia CHHTe3A, NIpUBeeHa B Ta ee 


. 


g 


PentrenoBcKoe McceqoBaHe yKa3aHHbIX BbIWe COCAMHeEHHA THNA TRNbO, 
1lOKa3aJI0, UTO BCe OHH He3aBHCHMO OT pasmepoB HoHa TR** oOpasyioT OXMH 
HeIpepbIBHbIi “30CTpyKTypHblA pan. Ilo Mepe yMeHbIeHHA HMOHHBIX pas\HyCOB 
ot La®+ x Yb** npovcxO,UT sHUIb 3aKOHOMeEPHOe YMEHBINECHHe PasMePOB dJIe- 


MeHTapHoh syeliku oT LaNbO, k YbNbO,. 
Ta6Omuna 2 


Tlapamerppl sleMeHTapHBIX AueeK HCKYCCTBEHHEIX CoeqMHeHMM TMA TRNbO, 


Atomubilt | Mount pa¥-| Cocnunenue a, KX b, KX c, KX | B 

HoMep TR | ye TR*+ (4) 

OE 
oT 4,04 LaNbO. 5,196 41,488 5,064 85°30’ 
58 4 02 CeNbO, 5,158 | 44,400 5,023 89°30’ 
59 4,00 PrNbOg 5,153 44,324 5,006 85°30’ 
60 0/99 NdNbOg 5/140 44,267 5,472 85°30’ 
61 — PmNbO, — — — 85°30’ 
62 0,97 SmNbO, Dead 41,180 5,430 89°30’ 
63 0/97 EuNbOg EB re : ss 85°/30 
64 0,94 GdNbO, 5,094 414,070 5,379 85°36’ 
65 0,89 TbNbOg Se = ae 85°36’ 
66 0,88 DyNbO, 5,080 10,964 DLO) en OogoUs 
67 0,86 HoNbO, — — — 85°30’ 
68 0,85 ErNbO, 5,045 10,893 5,267 85°30" 
69 0,85 TuNbO, —_— — — 85°30’ 
70 0,84 YbNbOq 5,030 10,798 5,207 85°30’ 
74 0,80 LuNbO, = = = 85°30’ 


TlIpupeyenubie B Ta6s. 2 napameTpbl BbIUHCIeHbI 10 WeOaerpaMMaM, Mouy- 
YeCHHDIM Ha Cux, H3JlyYeHHH B KaMepe C J\MaMeTpom KacceTsI 143 MM. 


CuctemaTuuecKve OIUMOKH Mp BbIUMCJIGHHH Me2KIIJIOCKOCTHBIX PacCTOAHHM 
jeOaerpaMM HcKOUaIHcb 110 ocoOomy cHumMKy cmecH c NaCl. Bo3moxunpie 
OWMOKH B OlpeweseHHaAX MapameTposw crenyromue: Aa = Ac=-+0,003 xX, 
Ab = + 0,006 kX, AB =-++ 6’. Tpospeqenupie uccneqoBaHHA MOKa3au, 4TO 
coeyquHenua Tuna TRNbO, u30cTpyKTypHbl MOHOKJHHHOH MoguduKaluu (Y, 
TR) NbO,, nomyyaemoli B pesybTaTe HarpeBaHuA M MoCefyromlero OxslaxKTe- 
HMA MpHposuoro deprycouuta (°,°), H OTHOCATCA K TIPOCTpaHcTBeHHOH rpynne 
J2. OnementapHad AyeHKa STHX COCAHHEHHH coxepxKuT 4 dbopMysbHbIX eLMHH- 
wpl TRNbO,, a UX KpHucTalmMuecKad CTpykKTypa UpeyctaBiset co6oli ucKa- 
*%KeHHYy!0 CTpyKTypy Tuna weenmta. Mons: Nb** waxoqarca BHyTpH HeCKOJIbKO 
MCK@KeHHBIX TeTPaz{pOB H3 HOHOB KHCOpogza, a HOHb! TR** —Buyrpu MuHoro- 
rpaHHuKa C KOOpAMHAaWMOHHbIM uNCsIOM 8, 

UccyieqoBaHuaA Ha BbICOKOTeMMepaTypHOM MOHM3aI\MOHHOM ycTaHOBKe KOH- 
cTpykuuu [I]. ®. Konopanosa u A. VM. Edpemoza (’) nokasamm, uTo mpu Ha- 
rpeBaHuu coefqunenHH Tua TRNbO, mpoucxoguT nepexoq MX MOHOKJIMHHOW 
AYCHKH B TeTparoHaJIbHy!0. OTOT Nepexo ABAAeTCA OOpPaTHMBIM, OCYIeCTB- 
JIACTCA MOCTENCHHO TO Mepe H3MeCHEHHA TeMMepaTypbl WM HOCHT «C]BHTOBbIM» 
xapaktep (*). MHTepecHo oTMeTHTb, UTO aHasOrM4HOe MOBeseHue pelleTKH Ip 
HarpeBanuu OOHapyxKu Maxk-Keusu (°) y HaTpveBbIX NOseBLIX IIMaTOB, Mepe- 
XOJ KOTOPbIX H3 TPHKJIMHHOM MORMUKaMHH B MOHOKJIMHHY1O MU OOpaTHO TakxKe 
OCYULECTBJIACTCA TIOCTeHeHHO. 


Bcecowsublli Hay4HO-NcceqOBaTeJIbCKHit Iocrynuto 
TeovIOrHYeCKHH HHCTHTYT 9 III 1959 


UMTHMPOBAHHASA JIMUTEPATYPA 


1K. Brandt, Arkiv f. Kemi, 17A, 15, 1 (1943). 2K. Brand t, Arkiv f. Kemi 
17A, 6, 1 (1943). °L.G. Billen, A.L. Nylander, Arkiv, Kemi, 17A, 4, I (1943), 
4T.B. Boku it, Baegenne B kpuctanmnoxumuto, M., 1954, crp. 121. 5A.HU. KomxKos 
San. BcecolosH. MuHepan. o6u., cep. 2, 86, 432 (1957), © A.W. Komxo B, Kpuctaso- 
rpapua, 4,8. 4 (1959). 711. ®. Konospaaos, A.W. Ed pemos, Zan. ma6., 7, 824 
(1956). ®M.J. Buerger, Am. Mineralogist, 33, 3—4, 101 (1947). ° N.S. Mage 
Kenzie, Am. J. Sci., Bowen volume, pt. 2, 319 (1952). 


854 


Hoxuaygn Akangemuu nayx CCCP 
1959. Tom 126, Ni 4 


MHHEPAJOV HA 


A. O. OHTOEB 


MWJJIMAHUT BYKYKHHCKOFO MECTOPO)KAEHHA WH YCJIOBUA 
‘EPO OBPA3SOBAHHA 


(IIpedcmaeneno axademuxom JI, H. MlepOaxosum 24 II 1959) 


JIuiMaHuT, Kpalive peko BcTpeualoulnlica B MpHpose MMHepas u3 rpynnl 
BPOBHCMYTHTOB CBHHIa cocTaBa PbsBi.S,, Obl BMepBbIe omMCcaH X. M. Keu- 
jpom u X. A. Kenepom (?) B 1885 r. u3 pyguuka Jlunauan (Komopago), a 3a- 
ya B 1910 r. T. OawHKom (?) u3 pyqHuka Inanxemmep ([peuna). 

Tlo3qHee ObIIO BLIACHEHO, YTO TAK Ha3bIBaeMbIii IMJJIMaHUT “3 pyqHuKa Jlua- 
(aH MIpeACTaBJIAeT CMeCb TpeX MHHEpasoB — KOOeJJIHTa, BUCMyTHHa UM apreH- 
va (°). OOpa3ubI WHIMaHHTa u3 IayxemMepa, no JaHHbiM YaumkKep u Tom- 
+H (*); Obl TOMOreHHBIMM M HE COJep Kas BKMIO“eEHHH Apyrux MuHepasoB, 
‘XMMHYCCKHH aHaJIH3 MaTepHaJia NOATBepAM cTapbie JaHHble OnuHKka u JluuD- 
ipema (°). 

-Oyguako, no uccnegopauuam JI. T. Beppu (°) aunauanur uz lnaaxemmepa 
vencTaBsaer co6ol CMecb raJIeHOBHCMYyTHTa H TaJieHHTa, YTO JaJlO 3TOMY aB- 
py OCHOBaHHe BbICKa3aTb COMHeEHHE B CYLIECTBOBaHHN JIHJJIMaHHTa Kak Ca- 
MCTOATCJIbHOO MMHepaJbHOrO Bua. 

_ Bnecte c TeM, B COBPeMCHHBIX MMHepasIOrMyecKHX cipaBouHHKax (*~°) uMe- 
ICA HEMOJIHbIe TaHHbIe 06 TOM MHHEepaule HIM TAKOBbIe BOOOLLE OTCYTCTBYIOT (1°). 
"Ha zeppuo OCBeLIeCHbI B JIMTepaType Takxe yCJOBMA ero OOpas0BaHuA. 


Ha Treppuropuu CCCP susaimannt 20 UX NOp JOCTOBepHO YCTaHOBWJIeH He Obi *. 
Ilpu usyyenun py Bykykuuckoro BoubdpaMuTOBOrO MecTOpOXTeHUA JIMI- 
HaHUT Obl BCTpeyeH HaMM B NOMOroMafaiouleH wKuse Ne 53. S3yecb OH HaOuIO- 
\icd B TeCHOH MapareHeTHuecKOH accolMalluM C ONMCaHHbIM paHee B. ®. Ba- 
nOaHOBHIM (1”) urObUaTbIM KO3aJIHTOM, a TaKxKe C KaJIbILMTOM (ManMplunaTom), 
D3qHUM IIMPHTOM HM APYrHMH MuHepalaMH, MpeMMYLLeCTBeHHO B JPy3OBbIx 
WyCTOTKaX Cpe %KWJIbHOrO KBaplla. 

JIummMaHuT OObIMHO OOpa3yeT CIVJOWHbIe SepHUCTbIe arperaTbl HeMpaBHJIb- 
ii PopMbI pasMepamu oT 1—2 yo 3—4 cM B AMaMeTpe, Ha KOTOPbIX HapacTaloT 
rOubuaTble WH IWeCTOBaTble KpHcTaIbl KosamuTa (puc. 1). TlogqoOuble o6pas3o- 
HHA JIMJIJIMaHUTa YaCTO BHINOJIHAIOT MPOMeXKYTKH Mey KPMcTaaMu [py3so- 
MAHOrO KBaplla. 

| B pale MecT CIVJIOWIHbIe arperaTbl JIMIIMaHHTa BCTpeyaloTcaA B KapOOHAaTHbIX 
Hie3ax, BbIMOJIHAIOWUX Ipy3o0Bble mycTOTKH. OWwaKO B STHX CYWaAX JIMJIIIN- 
HUT CJlaraeT WeHTpaJIbHy!0 UacTb STUX OGOCOGJIeHHH, a NepHepuA UX CO*ReHna 
VIACTHHYATHIM HW TaOJMTYAaTbIM KOSaJIHTOM, MepeXOMANIMM 3aTeM B MO/buaTbIe 
IN€CTOBAaTble CFO Pa3HOCTH. 

| Maxkpockonuyecku 3epHucTble arperaTbl JIMJIMaHuTa MMeIOT CTa/IbHO-cepbli 
IBET, CHJIbHBbI MeTasIMUeCKH OlecK HM TBEPAOCTb OKONO 2—2,5. B orparxkex- 
JOM CBeTe OHH CJIOXKeHI KOPOTKOTAGJIMTUATLIMM 3epHaMH pasMepamu oT 0,05— 
,1 20 0,5—O0,7 mM. 

| JlunamanutT o6laqaeT cBeTIO-cepoH OKpacKOH C KPeMOBbIM OTTCHKOM, OTpa- 
kaTesIbHad CMOCOOHOCTb ero BEICOKad HW OWIM3Ka K TaKOBOH BuCMyTMHa (44— 


* Munepan, Onuskuli K munManuTy, oTMeyaetcs B pabote C. M. Kyp6aTosa (*). 


45%). AnvsoTponua OTYeTIMBaA, AByOTpaxenue cla00e, HO 83AMeTHOE B BOS: 
Xe; OTHOCHTeNbHBI pened — II] rpynnpl; xopowo nomupyerca. BrmouenHy 
Jpyrux MuHepasioB He cofep»xKuT. J|warHocTHYecKkoe TpaBJIeHHe: OT HNO: 
(1 : 1) 6picrpo 6ypeer u Temueet; HCl (1 : 1) BeisbiBaeT caGoe moOypenue B TE 
yenue 1,5—2 muu.; oT FeCl, o6pasyerca oTueTIuBOe Oypoe NATHO NO ucTeue: 
nuu 1—1,5 mun.; or HgCl, B teuenne 1,5—2 MMH. BOSHHKaeT 3aMeTHO Oypaa, 
jlerKO cTupaloulasicad myleHka. OctasibHble peaKTHBbl He JeHCTBYIOT. 4 

Tlo nooxurenbuomy acppexty or FeCl; u HgCl, u Oomee HHTeHCHBHOMY 
posyelicrpuzo HCl (1: 1) aummMaHutT 3aMeTHO OTIMUaeTCA OT KO3aJINTA. 7 

Cnektpasbublii aHaJIu3 jMsMaHUTa MOKasbIBaeT BbICOKOe coxepxanue Bi 
u Pb (uenpie mpolenThl), 3amerHoe KouMuecTBO Ag u Sb (qecaTHIe HOM mpoueH: 


Ta6auna 4# 


\ 
i 


x rd, A 


JiuamuaHuT Bykyku Ko3aJIUT-9TaJIOH “3 
LleuTpasbuoro [ 
o6p. Ne 68/56 O6p. Ne 7329/57 KasaxctTaHa ‘| 
NoNo mn. Gad oan | ale | 
I dig Stik I ee IN I file, JN 
Ww 
4 4 3,50 
2 7 3,44 10 3,42 
3 8 3,36 ri 3,39 
4 5 2.97 3 2,97 10 2,95 
D 10 2,89 vi 2,89 
6 3 2,84 
7 7 2,76 
8 2 235 
9 4 Dip 
10 9 2,13. 40 2,13 4 2,13 
14 5 2,09 
12 40 2,03 10 2,04 7 2,02 
13 3 1,946 4 1,958 
14 4 1,905 
15 8 4,792 
16 4 4,757 4 4,768 
17 1 7,12 
18 3 4,449 7 4,454 
19 3 4 387 
20 3 1,326 6 4,328 D 1,326 
Dal 3 1,288 4 4,296 4 4,294 


IIpumeuanuue. Odpasen Ne 68/56 (Kuna No 53, mrpex Ne 14)— 
MACCHBHBIM 3epHHCTHIM JIMIIHAHUT H3 Apy30BOH MycTOTKH B %XKUJIbHOM 
KBapile; OOpasen Ne 7326/57 (Ta we wKuNa, OUNCTHOM 60K) —MIMaHUT 
H3 IeCHTpaJIbHOH YaCTH MaCCHBHOrO OOOCOOeHHA, OKAMMJeHHOTO MacTHH- 
UaTbIM KO3aJIMTOM, Cpe KapOoHaTHOrO rHesqa B xu. 


Ta), a Take HemHoro Sn, Cu u Cd (corble Jou mpolleHta) wu copcem Maso Te 
Mo u Ti (TeIcauHbIe JOM npoweHta). B elMHNUHBIX mpobax oTMeyaeTCA NOBBI 
WwieHHoe cofepxauHne Te (zo 0,027%) u Se (n0 0,017%). 

PenTreHoMeTpuueckoe HCCuIeqOBaHHe JIMJIMaHHTa npousBeyzeHo H. VW. Opra 
HOBO (oOpaser, Ne 68/56) u M. Aitenko (o6paseu Ne 7329/57). Yenosua cbem 
Ku: Fe-w3yyeHve, 2. R = 57,9 mm, d = 0,6 mo. 

B wutTepaType OTCyTCTByeT 9TaJIOHHaA PeHTTeHOrpamMMa OMMCbIBAaeMOrO MH 
Hepasia, MOITOMY [WIA CpaBHMTeIbHOH XapakTepHCTHKH B Ta6w. | npuBeneHt 
WaHHble Wat 9TaloHa KosamuTa * u3 LlentpanbHoro Ka3axcraua (}°). 

M3 raO. 1 BUAHO, YTO PeHTTeHOrpaMMa JIMJIIMaHUTa pe3KO OTMMYAeTCA O 
TaKOBOM S9TAJIOHHOFO Kosauta. IIpexpe Bcero HavOoOsee MHTCHCHBHBIMH, a Cue 
HOBaTeJIbHO, _XapakKTePHbIMM JIA JIMWIMaHHTa ABMAIOTCA mMHHH 2,13; 2,02 
2,89 u 3,36 A, u3 KOTOPHIX MepBble [Be JIMHUM B KOSaJINTe NpeACTaBJIeHbI Kpah 


* PentTrenorpaMMa HroubuaToro KO3aHTa JaHa B pabote B. ®. BapaG6anosa (1°), onHak 
B Heli HMeeTCA PA] JONOAHHTEMbHBIX MH, OOYCMOBMCHHBIM, BUHMO, IpHMecbio Apyrux Mune 
paJlOB, YTO YaCTHYHO NOATBepKaeTCA SaMeTHBIM COLepKaHHeM MEIN B aHaNH3se NpoOLI. 
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Puc. 1. MaccuBpHoe s3epHHcToe Puc. 2. YAHHeHHDIM = TaOHTUaTbIH KpPHCTamA KO3a- 


o6oco6meHHe JHIIHaHHTa (/) muta c rpadwueckol CTpyKTypoH pacnaga TBepyoro 
C HrObuaTLIMH arperaTaMH kO3a- pacTBopa ko3a.1uT (6el0e) ~- rasaHUT (cepoe; mporTpas- 
muTa MO NepHepHu, MOKaIH30- meHo FeCl3 Bp teyenne 10—20 cex.). Cmpasa — u30- 
BaHHOe Y OCHOBaHHA KPpHCTaJwa MeTPHUHOe 3ePHO PaJleHHTa, YaCTHUHO MpOTpaBseHHOe 
KBapla (2) B Apy30BOH MycToTKe FeCl3. YepHoe — Kkanbunt. Ilomponanubiit wud. 80x 


Puc. 3. W30merpHunoe 3epHo rameHHta (cepoe; 

mpotpapsero FeCl3) HapactaeT Ha MwacTHHya- 

TbIit KPHCTad KO3aIHTa (Geloe), coxepxauuit 

BKJUOUeCHHA TaseHuta (cepoe). UepHoe — Kaub- 
unt. IlomupopanHpt wand. 80x 


JUAH, T. 126, Ne 4, Ontoes 


| 

cabo M cpegqHeH HHTeCHCHBHOCTHIO, a moceqHue Be COBepIIeHHO B HeM 
yretpyior. Mexyy TeM MMarHocTHuyeckHe JIMHUM KoO3amuTa 3,42; 2,95 xu 
92 A B MuNMaHUTe HOO OTCYTCTBYIOT, HOO HaGmOMaloTCA B BYE unt 
a0oli UM cpefHel HHTeHCHBHOCTH. Ormevaetcn cyulecTBeHHOe pa3iM4ve MeXK LY 
MH MHHepasiaMu TakxKe H 10 BTOPOCTeMeHHHIM JeOaeBCKHM JIMHUAM. 

| B lesIOM NO peHTreHOMeTPHYeCKHM JaHHbIM JIMJIMAHHT BHOMHE MOKeET OBITE 


AMBUAyaIu3HpoBaH cpelH Apyrux cysb:POBHCMyTHTOB CBHHIA. 
PesyjbTaTbl XMMHYeCKOrO aHaJIu3a JMWIMaHHTa u3 OOpasua Ne 68/56 (aHa- 
irux I’. Apanopa), a TakxKe JaHHble aHasu3a JIMJWIMaHuTa 43 MecTOpoxKeHus 
‘aixemMMep (aHamuTuK E. Toga) npupeyenpt B Tabu. 2. i 


Ta6Oauna 2 


JluamuanuT BykyKy (o6p. Ne 68/56) 


JIunmuanut Tnanxemmepa 


aTOMH. 


aTOMH. 
OTHOMIeH. Bec. % 


Bes. 9 
% OTHOU!. 


aTOMH. KOJI. aTOMH. KOJI. 


Bi | 33,17 | 0,1588 33,23 | 0,159 
Sb 0715 | 92001 \ 0,160 2 0724 | 0,002 \ 0,164 2 
Pb | 48,30 | 0,2334 48,21 | 0,2326 
Ag 2,20 070204} 0, 243 : He OMp. — } 0:2450 2 
Cu a5 = 1.74 0.0273 ; 
S 15,49 0,483 6 15°73 | 0,490 } 


Becrwoarst. «il | 99,15 | 


| 3 rau. 2 BugHO, TO OOpasibl AMAAMaHUuTa us Bykyku u Tnaqxemmepa: 
) cocTaBy OYeHb OJIM3KH, 3a HCKJIOYeHHeM Pas/IM4NA B COfepKaHHu MesH. 

| ®opmysia uccmeqoBaHHoro sumMaHuTa Bykykuw mpeycTaBiaetca B cuJle- 
HIOWleM BHJe: 


(Pb, Aga)o, 543 (Bis Sb)o 16,453 UH (Pb, Aga)a (Bi, Sb)s Se, 
10 COOTBETCTBYeT TeEOPeTHYeCKOMY COCTaBY 9TOFO MHHepaua. 
| ObbtHad NpHypoveHHOcTb JMJWMaHHTa, Tak %Ke Kak M KOsauTa, K Apy- 
(BbIM ITyCTOTKaM B XXHWJIbHOM KBaplle B MapareHesvce c HawOoJlee NO3qHHMH) 
HHepaJlaMH CBHJeTeJILCTBYeT 0 TOM, YTO yKaSaHHbIe CyJIbPOBUCMYTHTHI CBMHIA: 
ppasyloTCA B KOHCUHYIO, 3aBepllalolly!o MOCTaqMIo MMHepausaluN, nocie: 
DUCTAJIM3alHH OCHOBHOM Maccbl MOmMOeHNTa, BObipaMuTa, BUCMYTHHA,, 
bapula, cpaepura u Ap. [Ip stom octTaTOUHble pacTBOphI, KOTOPble ObWIM 3a- 
DHCEPpBHPOBaHbI B APy3OBbIX MyCTOTKaX Cpe XHIbHOTO KBaplla, Ob B 3Ha- 
tees creneHu o6orameHb Bi, Pb, S u Apyrumu d/lemMeHTaMH. 
|B 9THX ycIOBHAX B Apy30BbIX MycTOTKaxX BHavasle OOpasytorca arperarbl 
PpOTKOTAaOMTYATBIX 3epeH JIMJJIHaHUTa, B KOTOPOM HMeeT MeCTO MOBbILeHHOe 
rHouleHve Pb: Bi (3:2). Sarem no nepudepuu oOocoOuleHHi JMIMaHUTa 
DOHCXOAMT OTJIOXKeHHe YAJIMHEHHEIX MWiaCTHHYAaTbIX WM TaOJMTYATbIX 3epeH 
>YCTOHYMBOTO MpOMexXKyTOUHOTO COeMMHEHUA, OIM3KOFO K KO3aJIHTY, KOTOpoe 
3Hee, pH nayeHuu TeMnepaTypbI, NpeTepneBaeT pacnak TBepAoro pacTBopa 
oOpa3s0BaHHeM rpacbuyecKol cCTpyKTypbl KO3amuT-raneHuta (puc. 2). [anee 
3€PHUCTHIX OOOCOOJICEHHAX JIMMIMAHWTa M WwacTHHYaTOTO «KOsaJIMTa» OOpa- 
IOTCA MPOMbYaTble HU IWecTOBaTble arperaTbl KO3aJIMTa C COOTHOLIEHHEM 
:Bi = 2:2. CnegoparenbHo, ko3amuT OOpasyeTca pH Ooee HH3KOri 
HIICHTpallHu CBHHIa B OCTATOUHOM pacTBOpe, YeM JIMJIIMAaHHT. 
| B mpomexkyTKax MexAY WiacCTHHYaTLIMH MW WPOJIbuaTHIMH 3epHaMM KOsaNTAa 
SKOTOPHIMt H3ObITOK CBHHUa uKCHpyeTcA B BUC H3OMETPHYHIX 3epeH Ta- 
>HUTA OKTaspuyeckoH opMb!l (puc. 3), XapakTePH3yIOIAXCH, BHAMMO, BbI- 
| 
| 


KMM cojepKaHuem Bi (4). Hakonell, MuHepasIM3alluA B APy30BbIX MyCTOTKax 
CTO 3aBepllaeTcCA OTJIOMKeHHEM KaJIblluTa (YaCTO NanMpuimata), B KOTOPOM 
HiKUJIMTOBO BKJIIOUCHbI HFOJIbuaTble HM BOJIOCOBHAHbIeE KPHCTAaJIJIbl KOSAJINTA. 
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TakuM O6pa30M, ycTaHaBJIMBaeTCA CJIeyIOWlad MOCMEAOBATebHOCTb OTJO 
2KeHHA MuHepasios Bi u Pb B ApysoBblx mycTOTKaxX NO Mepe NaweHua TemMuepa 
TYPbl: JIMJJIMaHHT —> TBEPAbIM PacTBOP KO3aJIMT -- raleHuT —> KO3aJIMT — Ta 
JIGHHT. 

Crelyer TaKxKe OTMeTHTb, YTO JIHNIMAHHT, TaK %e KaK H KOSaJIMT, BCTPE 
yaeTCA TaBHbIM OOpa30M B CaMbIX HHKHUX TOPH30HTAaX KUMI. 2TH cBoecbpa3 
HbI€ MMHepaJIbHble MapareHesHCbl XapaKTepH3yi0T HavOolee rulyOHHHbIe KOp 
HeBbIe YACTH PYAHbIX KU MecTopoxeHuA. B cOOTBETCTBHH C STHM NOJIOMKeHHE! 
JIMIHaHUT W KO3aIMT MPH ompeseseHHbIX TeOMOrMyueCKHX YCJOBHAX MOTY 
ObITb HCHOIb30BaHbI KaK MHMHepaJoruyecKkue KpUTepuHu TyOMHHOCTH opyze 
HCHHA KBapl-CyJbC—UAHO-BOLpaMUTOBLIX XJ OHOCTaqHuHOrO cbopmMupo 
BaHHg. 


VUuctutyT reosorua pyHbIxX MecTopoxseHHH, Tloctynuu10 
wetporpauv, MHHepasorMH WM reoXHMuu 21 II 1959 
Axkafemun Hayk CCCP 
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Aokxann Akangemun nayx CCCP 
1959. Tom 126, N 4 


TEOXHMHA 


c. K. TMM 


THTAH B BOKCHTAX KAMPAKCKOLO MECTOPO)KAEHHA 
(ITpedcmaeaeno axademuxom H. M. Cmpaxoseim 14 XI 1958) 


1] 
|\Cozep2kanve THTaHa B OOKCHTaxX BCera MpeBblliiaeT ero KJapK B 3e€MHOK 
be. Pas JIMUHbIe HCCMeMOBaTeIM OObACHAIOT 9TO CAMbIMM Pa3sHooOpasHbIMH IIpH- 
namu (JI. C. Bepr (°), A. J. Apxaurenpcxuit (4),A. II]. Busorpagos (5), 
WM. Bymunckni (*), C. UW. Benecnascxuiit (*)). 

Hamu Opin NouyyeHb! WaHHEIe O TeOXHMMH WM MHMHepasOrHu THTaHa B 
<cutax Kalipakckoro MecTopoxyJeHua, pacmouoxeHHoro B Cpequel Asun. 
Kalipakckwe OOKCHTHI CJlaralorT XOPOUIO BbIPaxKeHHbIi MacT, KOTOpbIii 
weraeT Cpe MeCYaHO-rIMHHCTHIX OTJO%KeHHH KOHTHHEHTaIbHOrO MIpo- 
comenua. [locmeqHne noxcruuatoTrca MoposaMu [peBHelt KOpbI BLIBETPHBa- 
H, Pa3BUTOH Ha Ilaeo3OHCKUX XJIOPHTM3HPOBaHHbIxX a*ppy3uBax, HM MepeKpbI- 
}OTCA HMXKHEIOPCKHMH Oa3aJIbHBIMM KOHTIOMepatTamMu. Bo3pacT BMellaroulux 
SCHTE! NOPOJ, a CIeOBaTeIbHO HM CaMMX OOKCHTOB, NO RaHHbIM JI. I]. KonHosa 
|} BepxHeTpuacoBbi. McrouHuKOM MaTepMasla Quid OOpa3s0BaHHA BepXHeTpH- 
DBLIX MOpO CJyKua yNOMAHYTaA KOpa BbIBeETPHBaHHA. 

Boxentat Kalipakckoro MecTopoxkJeHHA HMeIOT AMaCcHOpo-XJIOPHTOBLIH Co- 
1B H OoO0BO-ooHTOBOe cTpoeHHe. LleMentTupyloulad OOJMTbI Macca IpescTaB- 
Ha XJIOPHTOM HM MeJIKHMH paCcCeAHHBIMH KPHCTasaMu AMacnopa. OowMThI u 
OBI COCTOAT MPeHMYLLeCTBEHHO H3 WMacnopa. 

|B nopofax BepXHeli YaCTH KOPbI BLIBETPHBaHHA M3 THTAHOBbIX MHHepaJOB 
WI BCTpeyeH TOJIbKO JeHKOKceH. OH oOpa3yeT CKOMJICHHA HenpaBHJIbHon 
IDMbI Cpe KaOJIMHUTOBO-MeTaraJya3HTOBOH Maccbl, OOoralleHHOH OKHCIaMu 
IHApookucsaMu x*Kesesa. XUMMYeCKHE aHaIH3bl NOKasasIH, ITO B BepXHel 


: 
| 
| 


'B 6oxcntax Kaiipakckoro MecropoxjeHHA BO BCex OOpasiax Oe3 HCKuIOUe- 
if ObIIM BCTPeUeHbI WeHKOKceH H aHaTa3. JleHKOKCeH IPH 9TOM pacipocTpa- 
4 Topa3qo wipe avata3a. IIpuH BHuMaTeIbHOM paccCMOTPeHHH MpO3spauHbIx 
(McOB OKa3bIBaeTCA, UTO HET y¥acTKa OOKCHTAa, KOTOPbIH He Obl Obl B TOK 
M WHO cTeneHH OOorallleH JeHkoKceHOM. AHaTa3 %Ke BCTpeyaeTcH JIMUIb B 
He €MHHYHBIX 3epeH. 

| Jlewxoxcen B OokcuTax Kalipaka mpucyTcTByer B CJlelyIoulM4x PopMax BBI- 
eHHA. 

J. Bo-nepspix, OH TOHKO paCMbWVIeH B OCHOBHOHM AMaciopo-XJIOPHTOBOK Mac- 
oxcuta. B stom clydae OTYETIMBO BHAHbI CileAbl TeYeHHA OCayKa. HepesKo 
OMOMalorcA CeMbl pacTpeCKHBaHHA HM paciO/3aHuA OCalKa, MpHyeM OHH 
JIePKUBAIOTCA EMHCTBEHHO pacipeseeHHeM MpuMecu selKoKcena. B Tpe- 
(HKaX OOBIYHO MpHCyTCTBYIOT XJIOpHT M AMacnop, T. €. MHHepadbl OCHOBHOM 
iccbt Coxcuta. Ilo cbopMe BbIeeHHA OHH HACHTHUHbI OCHOBHOH Macce OOKCHTA, 
orTmMualorca UMCTOTOH HM MpO3payHOcTbiO, Tak Kak 3arpA3HAIOWad MpHMecb 
MKOKCeHa B HUX OTCYTCTBYeT. OTO MOKET CBUJCTEMbCTBOBATb O HENOABHXK- 
CTH THTaHa Mocle OOpa3s0BaHHA STUX TpewMH. CuleayeT OTMETHTb, YTO OOJIMTEI 
AMM TpellMHaMu MepeceKalorca. 

2. Jlefixokceu o6pa3yeT TaKKe MHOPOUMCJICHHbIe MIOTHbIC CKONCHHA OKPYyT- 
i uM HenpaBMbHow dopmpl. B Hux oTYeTIMBO HaOOMaloTcA paMaJbHble, 
fHOr a M A\pyrMx HanpaBJeHH TPeuMHKH, BbINOHeHHbIe AMacnopoM, XJIOPHTOM 
Kaowuuutom (puc. la). TlogoOupie cKomeHuA OObIMHO ABJAIOTCA WeHTpaMu 
pasOBaHuA OOMTOB UM mM30NuTOB. Mx BenM4uHa KONeOMeTCA OT 0,5 no 2,0 MM, 
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HepewKO OHa JocTHraeT 5—6 MM. OHH MOryT COCTOATb CIJIOUIb U3 nel KOKCer 
B Ipyrux culyyaax HaOmoqaeTcA OOoralleHHe JeHKOKCeHOM MHacliOpoBoro Az 
OOMHTOB. OTH pacTpecKaBIIHeCA CKOMJeCHHA JICHKOKCCHAa ABMAIOTCA, MO BE 
BePOATHOCTH, PAaCKPHCTAaJJM30BABLIMMMCA CryCTKaMM THTAHOBOrO Tea, TY 
IMMHKH BHYTPH HUX OOpasoBaHCb B pe3yJbTaTe YCbIXaHWA THX CTyCTKC 
XapakTepHo, 4TO B MMHepadaX, BBINO/IHAIOW[MX TPeIMMHKH B CKOMNJICHY. 
yleHikoKceHa, IIpHMecb mocseqHero OTCYTCTBYeT. 

3. JlefikokceHoM mourn Bcerga OOorallleHbl KOHI[CHTPbI OOJIMTOB, COCTOALL 
v3 JMacnopa uM XsOpuTa HIM “3 OLHOFO AMacnopa. Ero KOHIeHTPHYeCKHE CKO 
jleHUs| HepeMKO BCTpeyaloTcA Tak%Ke BOKpyr Kakoro-M00 sAjpa (mycTOTR 


6o60BHHKH u mp.) (puc. 1). | 


Puc. 1. @ — pactpeckapuleecd ckomueHHe JelikoKceHa (uepHoe); B TpellHHKaxX AMacnop | 

XJIOPHT (x) H KaOJIMHUT (K); BOKPyr BHJHbI KOHUCHTPHYeCKHe BbIZeeHHA MelkOKceHa; B Mop: 

BHJHbI UCPHbIe YIIOBAaTbIe CKOMJICHHA JIEHKOKCeHa, HaNOMMHAIOWINe No cBoeli dopmMe O6s0M 

6 — KoubuecOpasHoe BbIeeHWe JeHKOKCeHa BOKPYI CKOMJeHHA uepBeoOpasHbIX KPHCTadJI. 

KaOJIMHUTa; YepHble yrvioBaTble OOpasoBaHuA, HMelOWHe (POpMy OGOJOMKOB, MpesCTaBJeHb! J 
KOKceHOoM. 90 X, 6e3 aHamH3aTopa 


4. B Ooxcurax Kalipakckoro MecTOpoxyeHHA OTMedaeTCA MpPHCyTCTE 
yrOBaTbIX OOpasoBaHHH vieHKOKCeHa, HalMOMHHAIOWMX MO CBoeli dopme « 
JOMKH (puc. 16). Ux pasmep o6prmno He mpespiuaer 0,01—0,05 mm. F pany 
C BMEl[alOlHM BeLLeCTBOM YeTKan. Ota PopMa BbIAeNeHHA eHKOKCeHa: ABA 
CA, BEPOATHO, C/IECTBHEM MoMaqaHuA B OCalOK OOJIOMKOB MUHepaJos, B 
CTaB KOTOPBIX BxOfMI THTaH. [pH AuareHe3se uM nNocTexyIoUlMXx: Nporecc 
MepBHUHbIe THTAHOBbIe MHHEPaJbl PasJIOMUMUCh C OOPpas0BaHHeM Jel KOKCE! 

d. Wnorga pacnpeylesenue selikoKkceHa MoquepKuBaeT PeMMKTOBYIO OOOM 
HylO TeKcTypy OoKcuTa. OcHOBHad XJIOPHTOBad Macca GoKcuTa 3feCcb mpexcr. 
JI€Ha XJIOPHTOM, HO paciipemewenue JIeMKOKCeHa MOKa3bIBaeT OblI0e OOJOMOUI 
cTpoenne ocayka. JletkoKkceH MOxKeT Mpeo6alaTb B OCHOBHOIi macce, TO! 
B mpefeltax yuactKa, COOTBeTCTBYIOMero OO6JOMKY, OH oTcyTcTByer (puc. 
B Apyrux ciyuaax, Hao6opor, MeHKOKCeHOM OpIBaer OGoralleH PesIHKT O6JIOM 
Hepeqko lIpH SToM ACHO BUHa pemMKTOBaa nopdupoBasr CTpykKTypa, KOTOF 
Oblia MpHcyila OOnomKy. OueBugHoO, B OcalKe pH (popMupoBaHHu OoKcuTa 1 
M3ONWIK TutyOOKHe XHMHYeCKHe H3MeHeHMA, KOTOPBIe ycpeyqHuIH XUMMUeCE 
cocTaB BCe€X OOJIOMKOB, NOMmaBIIHX B OCayoK. TuTaH B Mepepacnpeqenenun 
WlecTBa He y4aCTBOBaJl, HM JI€EMKOKCeH OCTaJICA Ha MecTe. Pacnpocrpanenne 
AaeT ipedcraBlenve O NepBHYHOH TeKcType Noposp. 
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KOHWeHTpaM. BcrpeyatorcaA OOMTbI H OOGOBHHI, 3aMellleHHble KAOMMHUTOM 
YaCTHUHO, Tak HM MOJIHOCTHIO. SIBMeHHe 9TO, MO BCeH BePOATHOCTH, CBA3aHO 


=. 2. PemukTopad o6s0MO4uHaAA TekcTypa Puc. 3. Jie6oKkcuTH3upoBaHHble OOVJIHTHI, 
‘OBHOM Maccbl OoKcuTa, MpesCcTaBseHHO!i MpeACTaBsIeHHble KaOJIHHATOM (Ge10e); Yep HbIe 
»PHTOM; TeMHO-cepoe — yuacTKH, oOora- yuacTKH BHYTPH HUX ABJAIOTCA CKOMICHHAMH 
MHbIe sleHKOKCeHOM. 90 X, 6e3 aHaH- meukokceHa. 20 X, 6e3 aHamH3aTopa 
3aTopa 


OBePXHOCTHbIMH mpoueccamu. IIpu 3ameuleHHuH Auacnopa KaOJMHUTOM OOJIH- 
Boe cTpoeHue Tepsetca. JleikokceH, KOTOpbI B JMacMOpoBOH macce pacceaH 
mee HIM MeHee PpaBHOMepHO, 
pa3yeT B KaOJIMHUTe O60COO- 
AHBIeE BbIZeeHHA Hempa- 
HOH 3aTeHuBOH (CopMbl, 
IMHOFOUHCJICHHBIMH HUTeBUI- 
MU OTBeTBICHHAMH (pc. 3). 
Auata3, Kak y2Ke oTMeua- 
Cb, BCTpeyaeTcaA B Kalpak- 
MX OOKCHTaX ropa3qo perxke 
KOKceHa. Pegkue ero KpH- 0 10 0 30 WD % 
tee IIpHYpOueHbI alle BCe- 


Puc. 4. Tpaduk coyepxaHHaA OCHOBHEIX KOMMOHEHTOB 


K Me€CTaM CKOMJICHHA JIeEMKO- : 
B lwlacTe 6okcuTa Kalipakckoro MecTopomxeHHA 


Ha, OMHCaHHbIM Bblile. Mx 
3Mep O6bINHO oKovIO 0,03 mM, 
pMa uallle Bcero HempaBubHad. XOpOWIO OFpaHeHHble KPHCTaJIbI aHaTa3a 
Ora BbIMOJIHAIOT BMeCTe C KaOJIMHHTOM IYCTOTKH, HaOs0AaeMble OMATb-TaKH 
OO CKOMIeCHHH JsleHKOKCeHa. 

XUMMYECKHE aHaJIH3bl NOKa3blBaloT, YTO B OoKcHTax KalpakcKkoro MecTo- 
%KeCHHA ABYOKHCb THTaHa cocTaBseT 2,9—3,5 Bec.%. J}vacnoposbie 
IMTbI U GOOOBHHbI CosepxaT OKOIO 5,5% TiOz, B TO BpeMA KaK B XJIOPHTOBOLi 
HOBHOM mMacce mpucyrcrByer He Gomee 2,0% TiQOr. 

Jina paspe3a 6oxcuTosoro nuacta Kaiipakckoro MecropoxKeHHA Hamu Oswl 
CTpoeH rpaduK, OTparkKalolluit cofepxaHWe OCHOBHEIX KOMMOHEHTOB (puc. 4). 
MW PACCMOTPeHHU e€FO BHAHO, ITO KpuBbIe cofepxanua AleOs, TiOz nu Fe2Os 
H3KM 10 cBoel KoHcburypalluu, a KpuBble SiOz, FeO u MgO o6parubl uM. ITO 
BOPHT O TOM, 4TO THTaH B OoKcuTax Kalipakckoro mMecTopoxKeHHaA TeOXHMH- 
cKH OJIM30K K aJIIOMHHHIO HW TPeXBaJIeHTHOMY 2Kelesy. 

JletikoKceH M3 KOPbI BbIBETPHBaHHA UM JIEHKOKCeH, OTOOPaHHbIi M3 OO/IHTOB, 
AJIM3MPOBaJIMCb IIpH MOMOliiM peHTreHoBcKoro MeToya. IlomyueHuple pextre- 
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HOrpaMMbI 1OKa3aJIH, YTO B OOOMX CMyYaAxX JIeHMKOKCeH COCTOUT U3 KPUCTad. 
KOB aHaTa3a. Tak, Ha pedTreHorpamMe O6pa3ila, OTOOpaHHOro U3 OOJIMTOB, Ty 
CYTCTBYIOT MOUTH BCe MHHM STAMOHHOTOoOpasila aHaTasa (ra61. 1) a, KpoMe TO 
JIMHHM Cla6oll MHTCHCHBHOCTH, He XapakTepHble Aid Hero. OHM COOTBETCTBY 
HHTeCHCHBHBIM JIMHHAM JeOaerpaMMbl Juacnopa. Ilo-BaqMMOMy, B aHaAH3MPOB. 
HbIM JIeEHKOKCeH NMOMasa HekoTOpad MpuMecb AMacnopa BCeACTBHe HeJOCTAaT 
HOH yncToTH oTGopa. Ha pentTreorpamMe JieHKOKCeHa H3 KOPbI BbIBeETPHBak 
TaKxKe IIPUCYTCTBYIOT BCe JIMHHH aHaTa3a, H, KPOME TOFO, eCTb JIHHMH, NPHH 
jlexkKaulue MetarammyasuTy. TlocmeqHult WHpOKO pa3BUT B BepXHeli yacTH KO 
BLIBETPHBaHUA WM WoMas B JeHKOKCeH Mpu oTOope oOpasita. 

VUrax, B OoKcutax Kalipakckoro MecTopoxeHHaA THTaH TeOXHMM4ECKH 
HavaJIbHbIX 2TanaxX MepepacnpeseseHua BellecTBa OH30K K aJIKOMHHHDO. ¢ 
HOBHaA Macca THTaHa MpucyTcTByeT B BUe MeMKOKCeHa, KOTOPBIM cocTe 
M3 MesIbualiluxX KPHCTasWIMKOB aHatTa3a. Bowee KpyMHbIe KPHCTaJJIbI aHnat 
BCTpeyaloTcA B Bue eAHHHUHEIX 3epeH. IIpu copMupoBaHHM OCcalKa THI 
W3 KOPbI BbIBETPHBaHHA MPMHOCHJICH KaK Me€XaHH¥eCKHM MYyTeM (B BHJe B38 
WICHHBIX YAaCTHIL JelKOKceHa, C OOJIOMKaMH THTAHOBbIX MHHepaJioB Hw 060 
ULCHHBIX JIelHKOKCeHOM TOpoy), TaK M B BYE CryCTKOB resid JBYOKHCH THTAl 


TaOmuma 


MexxnuiocKocTHble paccCTOAHHA euKOKCeHa M3 KOPbI BLIBETPUBaHUA HU OoKcuTOB KalipakcK 
MeCTOPOXK CHUA M aHaTa3a (S3TAJIOHHEIH OOpasell) 


Jleikoxcen us} JletkoKxcen Aunata3 (9Ta- JieHKOKCeH H3 Axatas (9 
& KOpbI BbIBeT- | H3 60KCH- JIOHHBIH O6pa- || NoNo | KOPbI BLIBETPH- JlefixoxceH | jonni 06 
5 puBanua TOB 3ell) BaHuA 43 OOKCHTOB sel) 
2 > |_|] a, | -———_ | — —_— 
Se ae ey Mer ey ee eet et Eid & ot \odek i | @ 
4 4 6, 99* 19 5 1,661 6 1,665 7 43 
2 6 | 5.44* 20 7 | 13631%* 
3 4 4, 98* 24 2 sap 
4 UW} ak 22 10 1,483* 9 1,480 6 45 
5 4 | 3,85* 2 | 3288 23 3 145454 | 3 | 12404" 
6 10 3,49 i) |) Sy) 10 8,47 || 24 3 Token 
7 1 | 2277 25 2 | 4,368 | 3 | 42358 3 1, 
8 2 | 2:67 26 2 | 17340 | 2 | 47339 & £; 
9| 7mp. | 2,53-—| 5 | 2,55 27 2 | 12312 

cm, |—2,50* 28 2 1,285* 2 1,289 

10 7 Ww. 2,34 5 | 2,38 4 2,39 29 2 1,268 7 1,265 6 Fae 
44 4 2,39 30 2 1,236* 4 ig 
12 4 | 2,34 2 2,305 31 2 1,164 4 t; 
13 4 2,19 Le las 32) d mr. spel 4.058 
4h 7 | 2.07 33 2 | 4044 3 f, 
15 1 1,985* BA |b GiGeie e 34 6 Aha 
16 5 1,894 8 | 1,888 9 1,878 35 2 a 
17 3 1,840* 36 2 sy 
4g | 5 | 42699 7 \ 4.609 1. 7 1,689 | 


* JIMHHH, UpHHaqexatlve MeTarainyasuTy. ** JIuHuM, NpHHaqviekamMe uacHo 


B mepponauasbHylo cTaqMio [\MareHesa ocalka THTaH HapsAly Cc aJIOMMHE 
yuacTBOBaJI B OOpa30BaHHH OOJIMTOB, NpHuem (PoOpMupoBaHHe MCCIeqHUX Ha 
HaJIOCb C BbillafleHHaA CryCTKOB TeJiA AByOKHCH THTaHa. B jambHelwem TH’ 
B OCaJ{Ke OCTaBaJICA HENOABHXKHBIM, B TOBPeMA Kak aJIIOMHHME Obl NOJBYKeH 
efO MHHepaJbl MPHCYTCTBYIOT B TPeUlMHKAaX, Ce€KYIHX y¥aCTKH, OOorallleHE 
JleukokceHoM. IIpu noBepXxHOCTHbIX MpoleccaxX MpOuCXOAUT HeKOTOpoe Te 
pacmpefemenne seHKOKCeHa — OH BBIJeIACTCA BHYTPH OOPasyIOULUXCA Kao. 
HATOBbIX OOOOBHH B Bue OOocOGJIeHHBIX CKONIeHUH. Kpucrammusalua pel 
sepeH aHaTa3a MPOH3OLIla NpeAMOOKUTeIbHO B SMMTeHeTHMYeCKYyIO CTA 

Uncrutyr reonormu pyHbIX MecTopoxmeHui, Ilocrynusto 


nertporpaduu, MuHepasiorHu uM reoxHMuu 12 XI 1958 
Axkaylemuu Hayk CCCP 


UMTMUPOBAHHAS: JIATEPATYPA 
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08, Usp. AH CCCP, cep. reom., Ne 4 (1957). ® JI. Tl. Kouuos, Vas. AH Ya 
cep. reom., Ne 2 (1957). 
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orkxnmangn Akaygemuun nayx CCCP 
1959. Tom 126, NM 4 


OKEAHOJIOr'H 1 


A. Tl. JMCHObIA 


: OBbIE JAHHbBIE O PACTIPEJEJIEHHH HW COCTABE B3BENIEHHbIXx 
BELNECTB B MOPAX WU OKEAHAX B CBS3H C BOMPOCAMH 
PrEQJIOPUH 


(ITpedcmaeneno axademuxom H. M. Cmpaxoeum 12 III 1959) 


Tloq B3BeWIeHHBIMH BeIIeCTBaAMH, HJIM B3BeCbIO, MOHHMaIOTCA BCe YaCTHILBI, 
HAXOMAULMECA B TOJIMLe MOPCKOM BOLI H HMeIOULHe pasMep oT | mm Jo 0,1—0,01 p. 
i3yueHne Coulee KpyNHOrO MaTepHaJa, COCTOALMIero TlaBHbIM OOpa3s0M U3 Op- 
HM3MOB 300MJIaHKTOHA, OTHOCHTCA yxKe K OOACTU OHOOTUM, YaCTHIUbI Mebye 
1,01 » nomyuaTb MeTOMMYECKM OYEHb CJIOXKHO. 

B nocmeqHue roxbl B CBA3H C PeLICHHeM PxAa BOMPOCOB COBPeMeHHO"O Ocas- 
OoOpa30BaHuA, a TaKKe Pa3JIMYHbIX MpOOJeM OKeaHOJIOrHu, NOABMACb He- 
XOJIMMOCTb BCE€CTOPOHHerO HCCeOBaHuA B3BecH. Hapsazy c OoubuIMM Teo- 
€THYCCKHM MHTeEpeCOM V3Y4eHHE B3BelIeHHOTO MaTepHasia UMeeT MU BakKHOe 
pakTHyecKoe 3HaueHHe. 

Jlomroe BpeMaA pa6oTa MO MCCeOBaHHIO B3BECH TOPMOSHAaCb H3-3a OTCYyT- 
BHA HafleKHOH MeTOAMKH MOJyYeHHA OOMBIUINX OObEMOB BOLI C MOObIX ry- 
4HH OK@aHOB, a TaKXKe€ M3BJICUCHHA OUCHb HE3HAUHTEJIbHBIX KOJIMYECTB TOHYAali— 
WIMX UACTHIL, B3BeINeHHbIX B BOAe. 3a noceqHue rogbl B MucTrutTyTe oKeaHoso- 
uu AH CCCP paspa6oraHbl W BHeApPeHbI B WpaKTHKy SKCNeAMUMOHHEIX paboT 
[Ba HOBbIX MpweMa MaccoBoro cOopa HU H3y4eHHA B3BeCH: NOJyaBTOMaTHYecKaa 
leMOpaHHad ysbTpadusbTpauua (1) u cenapallua C NPHMeHeHHeM MpPOMBILLWIeH- 
(SIX H JaOopaTOpHbIxX cenapaTopos (0 150 T BogbI B cyTKH) (?,°). Hapany c stam 
(PHMeHeHbI NOrpy2KHble HACOCHI, NO3BOJAIOWMHe MOMyYaTb LO 5—7 T BOB B Yac 
rayOuH Jo 200 M, a TakxKe GaTomeTpEI OObemMoM 200 JI H3 HepKaBelomleh cTaH 
\JIt paOoTb! Ha J0ObIX rlyOMHax OKeaHa. PaspaOoTaHa Take MpAMOTOUHO- 
€OaryJIAWMOHHAA ycCTaHOBKa JIA OCaxKJeHHA HaMOoee TOHKOTO B3BeIeHHOrO 
haTepvasa C MpHMeHeHHeM SJIEKTPOJIMTOB. 

C ucnoub30BaHHeM HOBbIX MPHOOPOB H MeTOJOB yflaJlocb coOpaTb kKouNu4e- 
ITBA B3BeCH, BIOJIHeE JOCTATOUHBIe JIA €€ BCECTOPOHHEFO HCCEQOBAHHA MeTO- 
aM, IIPHHATHIMH JIA HSyYeHHA JOHHbIX OCaKOB. 

B wacrosmee Bpema u3 Muguiicxoro, Tuxoro wu AtmanTuyeckoro okeaHoB, 
TakxKe jJlaJIbHeBOCTOUHEIX Mopeli, AHTapKTHKH, Bantulicxoro, Cepepuxoro,. 
pacnoro u Cpequsemuoro mopeli MucrutyToM okeaHosOrHA MolyyeHo OKOO 
8 THIC. mpo6 Ha MeMOpaHHEIX yJIbTpadusbTpaxX WM HeCKOJIbKO COTeH cenapa- 
WOHHBIX p06 BeCOM B HECKOJIbKO JeCATKOB KMJIOrpaMMOB. OTH Mpo6b! cucTe- 
aTHYeCKH COOMpasucb He TOJIbKO C MOBEPXHOCTH, HO HM NO BepTHKaJIbHbIM 
a3pe3aM, BIIVIOTh JO MaKCHMAJIbHBIX rtyOMH PIyOOKOBOJHEIX OKeaHvyecKHx 
maquu (*). 

_ Tlo mponcxomyenmio B3BelIeHHbIM B MOpCKOl BOJe MaTepHasl MoxKeT OBITS 
eppHTeHHbIM (MepeHeceH peKaMH, MpOAYKTH! OeperoBolh aOpa3suu, BeTPOBOHi 

@ATCJIbDHOCTH), OHOTCHHBIM (2KHBbIC OPaHMSMbl, OCTATKH UM BbIAeeHHA OPraHH3- 

OB), X€MOreHHBIM (B ocoGeHHOcTH CaCO 3, coeqMHeHHA xesle3a, MapraHila 
i Ip.) UNM BYJIKaHOreHHbIM (MPOYKTEI eATeMbHOCTA HaBORHBIX HW MOMBOL- 
IbIX BYJIKAHOB). 
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Vimeroulueca aHHble MOKa3bIBal0T, UTO KOJIMYCCTBO B3BCCH B MOBEPXHOCTHBL 
COAX BO OKeaHOB M Mopeli KoeGuleTCs B LWApOKHX Mpesenax or 0,5 To 4—5 r/M' 
JOcTurad B 30HaX <BeTeHua» :buTONaHKTOHAa M Onus yerbeB peK 10—15 r/m 
a B HEKOTOPBIX CJlyYaAX H S3HAYHTeIbHO OombUIMX BemMuMH. J[IA OTKPBITHL 
yacTeli OKeaHOB:HavGoslee OObIMHbI COMepXAaHHA B3BECH OT 0,5 no 1,5 r/m*. B mc 
pAX KOHIeHTpallMA B3BeCH OObIUHO BbIlle, YeEM B OKeaHaX, YTO CBASAHO Ka 
C 6ouee OOMIbHBIM MOCTYMIeHHeM MMHepaJbHOrO MaTepHasla, TaK M C Ooral 
CTBOM OpraHHyecKoH 2%u3HH. Tak, HanpHMep, ia BDepwuropa Mops cpemHe 
3HaueHHe KoseOeTca oT 2 40 4 r/M? c BO3paCTaHHeM B OTJeJIbHbIX MeCcTax J 
10—13 r/m*, B KypuabcKux mpomupax or | fo 4 r/mM?, B BasiTHHcKoM Mope B 
BpeMa Weerenua — Jo 7—10 r/M3, B KuapeKolt 6yxte 1—3 r/m? (°), B aHTapK 
ruuecKux Bofax oT 0,5 yo 2 r/m*. : ; 

PacnpeyemeHve B3BeCH HaXOMHTCA B TECHOM CBASH C KJIMMAaTHYeCKOH 30HAIIE 
HOCTbIO, 3aBHCHT OT (u3HKO-reorpaduyeckoH OOcTaHoBku. B noBepXHOCTHBI. 
COAX GOOubUIOe 3HAaYeHHe MMCIOT TaK?Ke Ce30HHbIe H3MeHeHHA (MOCTYNJIeHH 
peuHOH B3BeCH, Pa3BHTMe MlaHKTOHHbIX OpraHH3MoB, aOpasHu U Jp.). | 

B mpemenax eaTebHOrO CJIOA pacnipeseyeHHe B3BECH OYCHb HepaBHOMePpHC 
naTHucTo. Hapsyy ¢ miaHKTOHHbIMM OpraHH3MaMH BaxKHYIO POlb 3fecb urpae 
M3MeHeHHe MIOTHOCTH MopcKol Bomb. IIpH HaM4HM COA CKa¥Ka MJIOTHOCT: 
OH 4eTKO MpOceKHBaeTCH H MO pesKOMY BO3PaCTaHHIO KOHILeHTPallMu B3Be 
WIeHHBIX YacTHl. B mpHAOHHBIX BOAaX WelbiPa NO KOHMUCHTPalHA B3BeCH yaeTe: 
ONpeleATh TIyOMHY BOJIHOBOTO BO3ZeHCTBUA: B3MYYMBaHHe JOHHBIX OCaLKO! 
OTMeuaeTCA MO BO3paCTaHHIO KOHICHTPallHu B3BeCH B IIpHAOHHOM cyioe. JL: 
iuemb(OBbIx BO, AHTapKTHKH C HapylWeHHOH cTpaTudukalluen HaOstogaere: 
6ecnopaAqouHOe pacmpeseteHve B3BeECH MO BePTHKaJIM; Ta Ke KapTHHa Mee 
MeCTO H Ha M@JIKOBOJbAX MOCe CHJIbHbIX WITOPMOB C MepeMeLIHBaHHeM BOI. 

Jia ratyOMHHbIX OKeaHCKHX BOL THMMYHBI Oowee HH3KHe COJepKaHHA B3BE 
CH, 4M Ha MOBEPXHOCTH, H3MCHCHHA KOHICHTPalWH CTAHOBATCA HE CTOJIb pes 
KHMM, «IMATHMCTOCTb» ucuesaeT. EciM B npesesax eaTebHOrO cod (O—200 m 
KOHUCHTpallud B3BeCH Mectamu JocTuraeT 10—15 r/m?, To Ama rIyOHHHBIX BO, 
WHPpbl HaXOAATCA B Mpezenax oT 0,2 no 2—3 r/m’. B ormeubHBIX MecTaxX OTMEe 
YaIOTCA MOBbIMeHHbIe cOsepxaHud B3Becn (°). 

Ha paspesax yepe3 OKeaHbl MpocsexKUBaeTCA BO3PaCTaHHe KOHIeHTpallH! 
B3BeCH B IIyOHHHBIX CJIOAX BOX MO Mepe MpHOJIMKeHNA K MaTepuKaM, a TakKxK 
K OTJCJIbHBIM OCTPOBaM HM MOABOAHBIM nosHATUAM. [Ipu 9TOM O1H30CTb CYT 
OTMeYaeTCA Ha OUCHb 3HAYMTEIbHbIX PpaccTOAHUAX (0 300—500 Km) u Ha OO 
INMX TyTyOMHaX MO MOABJICHHIO «A3bIKOB» NMOBBIWICHHbIX COJepKaHHi B3BeC: 
WIM OTJCJIbHBIX «OOJIAKOB» B3BeECH, MPOTATHBalOUlMXCA OT MaTePHKOBOrO CKAC 
Ha B OKeaH. Ilo B3BecH O4eHb YeTKO MpOCcmexUBaIOTCA Mpoecchl cOpachiBaHHu 
TOHKOFO OCafO¥HOrO MaTepHadla c Melba B MpuseKallue OKeaHCKHe KOTJIC 
BHHEI. Kak B npeflemax eaTembHOrO COA, TaK M B PIYOMHHBIX BOMaXx BCTpE 
YaloTCaA OTJebHble OOaKa B3BeCH, HHOra BeCbMa 3HaYHTebHOH MOLLHOCT 
HM MPOTs2KeHHOCTH. 

OOdtlee KOuIMYeCTBO B3BeIIeHHOrO MaTepHauia, HaXOfalleroca B TOWLE BO 
oq 1 M? moBepxHocTu OKeaHa, BecbMa 3HaunTembHO. Ilo HauIMM ompeleneHUANM 
AMA PaSHbIX MeCT OKeaHOB STa BeMYNHA KOMeOneTcA OT 2000 go 9000 r, vam 
scero 4—6 TbIc. r (YacTulbl KpynHee 0,7 »). Cpequaa KOHWeHTpallua B3BeC 
B CTOMO€ BOAbI (OMpeneeHHad MeTOOM CpeMHerO BSBEWIEHHOFO) WA HeCKOUE 
KUX COT€H CTaHIMH OKasalacb na VMuguiickoro oKeaHa B mpefenax or 0,8 2 
2,5 T/M’, Yale Bcero oKomo | r/M3. 

Ecim MpHHaTb cpequnli uaMeTp BSBeMIeHHBIX YACTHI, OKOMO | », UTO ABS 
eTCAd, Kak MOKa3bIBaeT MEXaHH4eCKHH aHaJlH3, BNOMHe JOMYCTHMBIM, TO OOmla 
MMOWatb YaCTHI, B3BCLICHHEIX B CTONOe BOAbI mox | M? moBepxHocTH OKeaHé 
coctaBdeT 10—50 teic. m?. Orcioqa nOHATHO OFpOMHOe BIMAHHe B3BeCH H 
PCOXUMHYECKHE TIPOMeCChl B TOJIMe BOA: B3BeCb copOupyer Ha cBOel NOBepxHC 
CTH MHOPHE SJIeMCHTHI, USMCHAA XHMMYECKHH COCTaB OMpeNeIeHHBIX C/10eB MOF 
CKOM BO[bI, B H€KOTOPbIX C/lyYanxX OTAaeT 3aXBaYeHHbIe Q/IeMeHTHI, PacTBOpsAe’ 
CAH, a TAKKE 34XBaTbIBaeT U3 BOUbI M 3AXOPOHACT B OHHIX OCaKaX PA dJIeMe! 
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MHOBe HCCKOJIBKHX COTeH ONpesemeHHH BHINOIHeH Jaa AntapKruku, Unguit- 
oro u ArmantTuueckoro okeaHos, a TakxKe Jia Kpacnoro u Cpequsemuoro Mo- 
id. AnaiM3bl 1OKa3aJIM TOHKOCTM B3BeLIeCHHOFO B MOBEPXHOCTHBIX CJIOAX BOL 
iTepHaJia: uacTH, Meubitie 0,01 MM Bo B3BeCH OOBMHO cofepxuTca oT 70 JO 
%, MeJIKOaeBpHTOBOrO MaTepvana Wo 15—30%, a KpynHoro aveBputa 
mecuaHoro MaTepHala — He Gouee 0,5—1%. Dpaxuusa BsBecn meuee | 1 Co- 
i Basaet 20 30—60%. Ilo cpaBHeHuto C JOHHBIMM OCaKaMH, NOJIyYeHHEIMY 13 
i %#Ke TOUCK, B3BECb C MOBEPXHOCTH OTMYAeTCA OOJbUIeH TOHKOCTbIO; pH ee 
NAXKMCHHM MPOWCXOMMT CeIeKUMA C OCaxKeHHeM JMIMb HanOomee KPYMHBIX 
heTuu. Menkul MaTepHas-4acTH4HO pacTBopseTca (OCO6eHHO TOHKHE ONaJO- 
je TlaHIMpH JMaTOMOBbIX u PopaMuHHdep), YaCTHUHO He OCaKaeTca Ha He 
+3a CaObIX MPHAOHHBIX TeYeHHH. 

| BemecTBeHHbIit COCTaB B3eCH H3y4YeH MOAPOOHO NoKa JMU JIA MOBepXHOCTHBIX 
(_ H fexATembHOoro cmos. B cocTaBe B3BeCH MOET ObITb BbIeeHa MHMHepab- 
mA M OpranuyecKkaa yacTu. B moceqHel HavOombulee 3HaveHHe HMeIOT Opra- 
BMI 300- H (UTOMMAHKTOHA, OakTepHu. CooTHOoIleHHaA MexKAYy 3THMM JBYMA 
}CTAMH B3BeLCHHOFO BeLI[eCTBA MCHAIOTCA OT MeCTa K mecTy. CpaBHuTesIbHan 
PBHKa pOJIM OpraHWyeckol wacTH B COCTaBe B3BeCH MOxKeT ObITb ana M0 
ep2KaHHtO BO B3BCLICHHOM MaTepHaJie 9JIeEMeHTOB WM COeMHeEHUM, urparlollux 
mOONIee BaxKHYIO POJIb B CJIOXKCHHM TJIaHKTOHHBIX OpraHv3MOB: opraHHue- 
p)ro yrsiepoqa, aMopduHoro KpemHe3eMa, KapOoHaTa Kaspuua. Ilo A. II. Bu- 
ipanoBy (*), Copr CcocTaByaeT y pa3HbIX BHJOB TwWaHKTOHa oT 30 yo 60%, 
3 amophx Y MHATOMOBbIX BOOpocseH — Mo 70%, CaCO3 y MuaTOMOBbIX JO 
, H Y (opamuunNdep MaHKTOHHBIX 20 70% (Ha cyxoH Bec). Takum o6pas3om, 
MMa TpeX OCHOBHBIX KOMIIOHEHTOB MOXeT ObITb MepOli OPraHOreHHOCTH B3BeCH. 
| XumuyeckuMH aHasu3amu ua Mugulickoro oKeaHa yaocb ycTaHOBHTb, 
() TpoObt B3BeCH c ToBepxHocTu coyepxaT oT 4 20 30% SiO, amopox, MpH- 
(if BHe 30H «IIBeTeHHA) CPHTOMMAHKTOHA CpeHHe cOMepxKaHHA KoOMeOMOTCA 
5 no 15% (Bce aHamu3bl Ha Cyxoe BellecTBO). CofeprxkaHue Copr B 3TOM 
joHe B Mpemenax oT 3 yo 15%, a BHe 30H LBeTeHHA 3 — 10%. ComepxxKa- 
rh CaCO, B IOXKHOM YacTH OKeaHa He Tipeppliuaer 1—2%, a B WeHTpasib- 
i yacTu —He Gomee 5%. CooTHomeHHe SiO  amopou: Copr MOXKET CYT 
oH KPeMHUMCTOCTH OpraHv3MoB B3BecH. Y OeperoB AHTapKTH{bI 3TO CoOOT- 
menue B 1,o—3 pa3a HwKe, YEM B OKeaHe B 30HE paCIIpocTpaHeHuA JH- 
\MOBBIX HJIOB, UTO OOYCJIOBMeHO CMeHOM HepHTMYeCKOrO KOMIMVJIeKCa MaTO- 
BLIX Ha OKeaHMueCKHi, Gonee O6orallleHHbIli KpeMHeseMOM Ha efMHUILy 
fanHMueckoro pellecTBa. OpraHvueckadt uacTb B3BeCH, OllpeflesieHHad 110 
MMe OCHOBHBIX KOMMOHeEHTOB (Copp + SiO: amopgu + CaCOs), MeHAeTCA B Ipe- 
ax ot 10 yo 40%, cocTapnaa uame sBcero 10—20%. Ina Bepuurosa 
pA 9Ta BeMUMHa OCeHbIO cocTaBAeT oKoIO 10%. Takum o6pa30m, m0 
IOLLHMCA JAHHbIM TOBCEMeCTHO, KPOMe OTJCJIbHbiX PaHOHOB IBeTeHHA (pu- 
JiaHKTOHA, OCHOBHYIO YaCTb B3BECH OODIUHO CJlaraeT MMHepaJIbHbI MaTepH- 
| KommuecTtBo KoToporo B 2—5, a mectamu Oosee vem B 10 pa3 mpeBbl- 
©T KOMMUeCTBO OpraHMyeckoro MaTepHaua. 

|O6pamaeT Ha ceOa BHHMAHHe OJIM3KaH CBA3b B pacmpefeseHMM BSBeCH UM 
MACChI CECTOHA, 4TO OGycsIOBeHO TeM, YTO Ha OCHOBHOM MMHepaJbHblli 
B3BCCH B pAe MeCT HakJlafPIBaeTCA ele CYU[eCTBEHHaA MOMONHUTeIbHAA 
OHeHTa — OpraHH3MbI TaHKTOHA, YTO HM NPHBOMUT K pocTy cojlepxKa- 
IH B3BeCH B palionax WBeTeHuli (uTONMaNKTOHAa. B orkpbiroH yactu Bepuu- 
4a MOpA OCeHbIO BO B3BeCH M3 MOBeEPXHOCTHOFO CJIOA BOA ompeseseHo 
6% Fe,Os; 0,6% MnO; 5—8% CaCO;; 2—3,5% SiO: amopox Up 
(OBOM CoyepxKanuU SiO, oT 11 no 37%. 

MerojomM KomMueCTBeHHOrO HM MOJIyKOJIMYeCTBEHHOTO CIe€KTpaJIbHOrO aHa- 
$a yaeTcA Ha MaJIbIX HaBeCKaX C MeMOpaHHBIX YJIbTpacubTpoB oMmpee- 
hb collepxKaHve OoubIOro KOMUeCTBA 9JIEMCHTOB KaK M3 MOBeCPpXHOCTHBIX 
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ClOeB BOJb, TAK H NO BepTHKaJbHbIM paspesam (*). JloMOJIHUTeJbHIe DaHHbl 
10 cllekTpaJibHOMy cocrapy BsBecH u3 Tuxoro, MxH_ulicKoro u ATJaHTHYecKOr 
OKeaHOB NOKa3bIBalOT, UTO KOHILCHTpalluA pAa BJIeMeHTOB, OlIpeyevleHHa 
CII€KTPaJIbHBIM Me€TOJOM, KOvleOJleTCH B BeCbMa IUMPOKMX Ipewesax, NOAYMHS 
ACb PALY 3AKOHOMePHOCTeH 3OHAJIbHOFO Hi MCCTHOLO 3HaveHHA. Muorue 3J1eMeHT 
TAPOTCIOT K BbIHOCaM PeK, AJA J PyrHX NpoOCcsexKUBaeTCA TeCHaA CBA3b C pak 
BHTHeM IJIAHKTOHHbIX OpfaHH3MOB, HEKOTOPble BJIEMeHTbI TATOTeCIOT K Ope] 
JICHHEIM yuacTKaM no6epexKuH. OfHako OoJIbIaA YaCTb 9JICMCHTOB HaXOJMTC 
B 3aBHCHMOCTH OT H€CKOJIbKHX PaKTOPOB OJHOBPeMeHHO. 

Hauatoe u3y¥eHve MHHepaJIOrMyecKOrO COCTaBa B3BeCH MO3BOJIAeT TOBOPHT 
O TECHOL CBA3H MHHepasIOrTHYeCKHX KOMIWJICKCOB B3BeCH C MHTAIOWLHMM IIpOBul 
IMAMM HM BOAHBIMH Maccamu. MccenoBaHne cbpakuwH B3BeCH MeHbIe | | 
¢ IIpHMeHeHHeM 3JIeKTPOHHOrO MHKpockona, PeHTTeHa M TepMOaHaJIH3a NOKase 
JO B CellapailMOHHbIxX mpo6ax v3 AHTapKTMKH HaJiM4ne KBapla, MOeBoro mina 
onadia H rug~pocmon. B wexnrpasibHbIx uactrax MujuicKoro okeaHa ¥ B benrad 
CKOM 3aJIHBe KOMIWI€KC PIMHHCTbIX MHHepaJIOB B3BECH COOTBETCTBYeT MHTAalOlWly 
npopnatusm Apcrpastnu u lOxnol Asnu. SaBucuMOCTb OT NHTAIOlMxX MpOBHI 
Wut eule Oovlee YETKO MPOCIeKUBAeTCA B MeJIKO- H KPYMHOAJIeBPHTOBbIX (pal 
wuax B3Becn. Ilo Mepe pa3BHTHA MeTOJMKM TpescTaBHTCA BO3SMOXHBIM Ha O 
HOBe H3yYeHHA MUHepabHOTO HW OuOMOrMYeCKOrO COCTaBa B3BeCH M3 MOPCKC 
BOJ[bI ONPeAeIATb BOMHbIC MAaCCbl pasJIMYHOTO MPOHCXOKeHHA, a TaK*Ke paHon 
ux dopmMupopanua (°). 

Ilo Mepe ocaxKeHHA B3BeWICHHbIX YaCTHIL MPOMCXOAAT SHAUHTeIbHbIe Ui: 
MeHeHHA B rpaHyJIOMeTPH4eECKOM H BeWLECTBEHHOM COCTaBe, NPHYeM OHM 3aXxBé 
TbIBaIOT KaK MMHepaJIbHy!0, TaK WH OpraHMueckylO YacTH. CyllecTBeHHbIe H3M 
HeEHHA OMNpeeAIOTCA MOJ, MHKPOCKONOM Mp ocaxkJeHHH BMATOMOBbIX BOK 
pocnei. BecbMa pacnpocTpaHeHHble B MOBe€PXHOCTHBIX ciosxX Mops Rhizose 
lenia, Chaetoceras, a B aHTapkTHuecKuxX BOofax Tak»xe Corethron, umeroult 
TOHKHH KPCMHEBbIN MaHWMpb, ObICTpO paspymatoTca B TOE BoA. Ha ryOuE 
200—500 M or 9THX BOZOpOcMeH COXpaHAIOTCA TOJIbKO WIMMbI, a TaKKEe OTACM 
Hble «OOTaMBLIHe» (pparMeHTE!. B BoOOpocAX, JIMUWICHHBIX KPeMHHCTOH OG 
JIOUKH, MpOHCXOAUT OBICTPbIH Pactay OpraHvyecKOrO BellecTBa, H MPHTOHHB 
cl0eB OKeaHa OHH MOUTH HUKOra He JocTuratwrT. 3a cueT pacTBOpeHHA HW pas 
*%KeHHA COpM Oe3 OOOMOUKH HW C TOHKOM KPeCMHHCTOH OOON0UKO mpoucxo;t 
oOorallleHHe TIyOMHHBIX CIOeB B3BeCH, a TaKKe JOHHEIX OcaKOB dopMaw 
C MpouHbiIM maHiupem (Coscinodiscus, Asteromphalus, Biddulphia u gp. 
B XOOQHBIX BOJaX ObICTPO UJeT paCTBOPeHHe Take H MeJIKHX JaHKTOHHb 
copamunudep c KapOoHaTHbIM nanuupem. [lo HalliMM onpeleeHHuAM, B OKeal 
WHa JlocTuraer WHUb +/;)—1/s) YaCTh OPFaHHyecKOrO BeLLeCTBAa, B3BEeIICHHO! 
B M@BEPXHOCTHBIX CJIOAX, B OCHOBHOM STO BelIe€CTBO KPyMHbIX YAaCTHIL WH 4 
CTH, HMCIOWHX MaCCHBHBIM NahUMpb, HU ocodo ycroluuBble (bpakinu opraH 
yeckoro BeilectBa. [Ha focruraer 4/,—'/, actTb SiO, amoppx, CBA3AHHO! 
C MTaHWHpAMH AMaTOMOBBIX, T. €. PacCTBOPeHHe KPpeMHEe3eMa B TOME BOL UT 
SHAYMTCIBHO MefIeHHee, YeM pasvlo%KeHHe OpraHwyecKoro BemecTBa. B pg, 
cJlyuaeB B palOHax C OKeaHCKMMH TIyOMHAaMU NpOUcXxoLUT O6oralleHue JOHHE 
OCaKOB KP€MHE3eMOM M10 CpaBHeHHIO CO B3BeCbIO Ooviee 4eM B 2 pasa, 4TO Oy 
JIOBJICHO YMeHbINeHHeEM pas0aBJAIOWel POM OpraHMyecKoro BellecTBa U 06 
TalleHueM KPYyNHbIMH NaHUMpAMu. 


VucTuTyT oKkeaHoJIOrHH 
Axayemuu Hayk CCCP 3 ea 


UMTHPOBAHHAS JIATEPATYPA 


1A. TI. Jiucuusn, Tp. Uucr. oxeanon. AH CCCP, 19 (1956 2a 
: ; ; : E ; ul: 
ub H, A.B. 9K u Baro, Has. AH CCCP, cep. reorp., Ne 6 (1988) ? A. Tl; Jae ae 
Be a a u B aro, Coopx. Mopckas antapktuueckad SKCHeqMIMA Ha R/2 «O6by 1955—195 
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HTokaage Akajlemuu nayxr CCCP 
1959. Tom 126, N: 4 


FHCTOAOLHA 


A. A. MAHHHA 


[HAMVMKA BKJHOUEHYS HW PACIIPEXEJIEHHA PAXMOAK THBHOrO 
_®OC®OPA P* B TKAHH HEPBHOH CHCTEMbI BEJIbIX KPbIC 


(ITpedcmaeneno axademuxom H. H. Anuuxoetim 2 I 1959) 


|BuoxuMHueCKHMM HCCIeAOBAHHAMH YCTAHOBJIeHa OrPOMHAA pOsb Mporleccos 
(POPHJIMpOBaHHA B Pa3BUTHH M XKH3HEACATEMbHOCTH OpraHusma. AccumuJs- 
i HeOpraHuyeckoro docdopa, conpopoxfalollasca mpolleccaMu AbxXaHua 
“IMKOIH3a, WatwolluMH SHePrHio, ABJIAeTCA MpeNOcbIWIKOH DIA MpoteccoB 
Te3a HM MocTpoeHud OMomorMyuecKux cTpyKTyp (17°). VsBecrHo TakxKe, uTO 


(om qocdatuyow (4, °). OqHaKo mMopdosormyueckui aHaIu3 3THX MpoleccosB 
MoculelHero BpeMeHU oTCyTcTBOBa. II]puMeHeHHe palwoaKTHBHOTO M30TOMAa 
opa NOsBOAeT CeEIUTb 3a XOJOM accuMusALMU cdbocdopa HM CKOpOcTbIO 
oOHoBeHua § (°,”). MeciefopaHve mpopemeno Ha OeuIbIX KDbICaX. 
ppadoTe MCMONb30BaHbI 2MOPHOHBI, HOBOpOxeHHble, 10-tHeBHbIe HU B3POCJIbIe 
BoTHbie. [locraBsleHo JBe CepHH ONBITOB Ha 25 2%KMBOTHHIX. Bcem KpbicaM Kaxk- 
|i CepHu PagqvoaKkTUBHHIM PocPop OMHOBPeMeHHO BBOAMJICA MOAKOXHO No 7 p Cu 
irpamm Beca. )KHBOTHBIC 3a0MBaJIHCb NYTeM NeKanHTal4eH B pasJIMUHbIe CpOKH 


inkaa aMybcha HU K@V tuna P no mMetoguKe ualeh ma6opatTopun. 
|) Tunamuka BKJOUCHHA HM pactipesesenve u30TOMa B HelipoHax pa3JIMUHbIX 
CTKOB IeCHTPaJIbHOH HEPBHEM CHCTeMBI (Il. H. C.) H3yYeHa Ha CJIEIOBbIX aBTO- 
wdbax 10-7HeBHOH SKCMO3HIWMM Nocse HaHeceHua 9MyibcHu. ABTorpadbi oKpa- 
HBalucb mo Huccato, a3yp Il-303HHOM Mu HCNOb30BaIMCbh JIA THCTOJOIH- 
Iikoro M KOJIMUeCTBeHHOrO aHawH3a. IlocneqHul mpoBeyeH myTeM Nojcueta 
WiKOB Hall H8yYaeMbIMA yUaCTKaMM IPM MOMOMIM CeTKH OKYJIAPMHKpPoOMeTpa. 
1)B tra6n. 1 npescTaBseHbl pe3yJIbTaTHl 
IiwuecTBeHHOrO aHasu3a BKIOUeHHA P® 


Tao mimes 


KaHb MO3ra OoMbIuHX MoWyWapHA pa3- ee eolecats 

eAIOIWMXCH B3apoOsbllweH (BKIIOUeHHe y Henne sce saris Ha 100 ut 

| at Sac YCJIOBHO MPpHHATO 3a eae 
0). 

}M3 npupezenupix B TaOn. | aHHbix Honopoxnenuuie 9,41 |100,0 

HylyeT, YTO WHTCHCHBHOCTb BKJIOUCHHA 90-yuepHpe aMOpuOoHD! 6.47 | 68.9 

| YBeJIMYMBAaeTCA MO Mepe pocTa QMOpHO- 18-qHeBHEIe SMOPHOHEI 4,14 | 44,1 


i) u puddepeHuMpOBKU KJICTOUHDIX 9JIe- 
iTos. MakcuMaylbHoe BKsIOUeHHe paguodocopa B TKaHH Mosra OOHapy- 
BaeTCA Y HOBOPOMKJeHHbIX HM JOCTHTaeT SHAYHTCbHBIX Pa3MEPOB. Oxpac- 
Hintpenaparos no Bpaem c nmpumMenenvem pHOonykueasbl NoKasala TONorpa- 
leckoe coBnayleHHe pacriomoxeHHuA OasocuIbHOrO BelllecTBa B UNTOMMIAasMe 
Werounbix 9iemeHTOB OoubumMx nomywapuli c BKoeHHem P*. Ilo JaHHbIM 
Ika aptopop (81°), Oasodpusmnio TKaHel OOYCOBJIMBaeT BbICOKONOJMMepHad 
lboHykslenHoBad KucmoTa (PHK) wuromtasmaTHyecKUX CTPYKTYP, B KOTOPOH 
epxKaTcA CBOOOJHbIE KHCJIOTHbIC OCTATKU cbocopHbIxX rpynn. 
Y xppic 10-2HeBHoro BospacTa u3syueHHe AHHAMUKM BKJIOVeHHA payuoak- 
Horo (boctbopa MoKa3aJIO MocTeleHHOe MPOHHKHOBeEHHC P82 B TKaHb Il. H. C. 
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32 A 
V3 2aHHbix, NpHBeeHHBIX B TAO. 2, BHAHO, ITO BKJIOYeCHHE Pp B tae 
u. H. c. y 10-QHeBHBIX KPbIC MpOHCXOAMT MOCcTeNeHHO H HepaBHOMePHO. Ilo 1 


TaoOmunma 
Uucso sepen Ha 100 p? 
Uacnl 6ombuHe Nosymapua 
. Ilyp- ; : Bis 
sere, | cocya. |kauie mos-| cnn. | mpomoar. len, awmon.| HePBH | sonex. | | Cal 
oe cnvier. 7KeuKa mosra Mosra pora oa caoli Kopbi] Beujec’ 
Q-tHEBHHIe KABOTHHE 
24 C28 4,35 Dele 4,04 3) (0)! 2,69 0,97 1,0 
1 7,64 S500 5,00 Od 4,81 3,12 1,96 220 
120 U ull 6,45 5,84 0) 0,04 4,29 Ph PRS) eh ll 
168 7,44 7,06 6,41 6,31 6,16 4,39 DTS 3, oN 
192 145 eA) 6,54 6,36 (8) 4,56 2G 3,4! 
240 6,38 ye DROZ De Dado OA 2 Oit 4,0 
B3pocape KHBOTHHBE 
24 6,48 3430 Zao Zale 2,65 2,28 0,92 1,0 
72 6,59 6,04 A i572 Sy OE 4,16 3,09 d39S 23) 
420 7,39 6,36 O), 20 0,04 4,69 3,84 Papas) BA! 
492 7,18 OwoS 5,41 Ono 4,99 4,34 Zs 3,3 
240 6,44 5) 4,62 4,90 3,29 2,99 1594 3,7 


TCHCHBHOCTH BKJOYeHHA pakuodociopa mepBoe MecTo 3aHHMatoT KsleTKH IT 
KHHbe, 3aTeM JBUTAaTeJIbHble KJIETKH CHHHHOFO MU MpososroBaToro Mosra, Ja 
culekyloT MMpaMMAHbIe KeTKM AMMOHOBA pora H HeBPOHbI 4-ro CJIOA KOpbl. & 
HepaBHOMePpHOCTbh OOHAPyXKHBaeTcA HM B OMMHAKOBHIX KJIeTKaX B Mpeemax « 
HOrO COA. QnuTeNMH CcocyAMCTOrO CIIeTeHHA *KeYIOUKOB MOSra, B OTM 
HelipOHOB, OOJlajaeT CHOCOOHOCTbIO OoIee MHTCHCHBHO H OBICTPO BKIOUaTb F 

Ha pue. 1 wu 2 noka3aHo BKsIOUeHHe P® B pa3IMUHbIe YUaCTKH Il. H. C. 

K 192 uac. nocule BBeeHHA H30TOMA HHTCHCHBHOCTb BKJIIOUCHHA ero MOC’ 
raeT MaKCHMaJIbHOM BO BCeX OTJelaxX I. H. C., 34 HCKOYeHHeM GesOro Bel 
cTBa. B moceqHeM BKJIIOYeHHe H30TONAa MpofomKaetca. Uepes 192 uaca unt 
CMBHOCTb BKJIIOVeHHA P*’ BL. H. C. HAYMHaeT CHAKATbCA, OJHAKO OUCH MeN 
Ho, H K 240 uac. yMeHbluaeTcaA TobKO Ha 13—20%¥no oTHOUIeHHIO K MaK 
MaJIbHOMY, B OeJIOM Ke BelllecTBe HakoneHve P* mpofosmmxKaer YBeIMYMBATb 

AnalornunHad KapTHHa BKJIOUeHHA M pacnpesentenua P® B TKaHM I. H. 
HaOOfaeTCA Y B3POCJbIX KPbIC B Pa3JIMUHbIe CPOKH MocMe BBeeHHA H30TO! 
Yepes 192 uaca nocie BBeLeHHA H30TOMa OOHapyXKUBAeTCA MAKCHMaJIbHOe | 
JIMYeCTBO TPeKOB BO BCeX yYaCcTKaXx Ul. H. C., 3a HCKJOUeHHeM Gesoro BelecT 
B mocJleqHeM BKJIOYeHMe MpOMOMwKaeTCA M K KOHL OMpita, T. e. yepes 240 y 
HakonseHve MeweHoro (poctbopa B OeuIOM BelllecTBe Mosra, OTpaxKaloulee M101 
meHve OOHOBIeHHA choctbopopraHHyeckuX COeqMHeHH B HePBHBIX BOJIOKH 
MO2XKET ObITb CBASAHO C AKTHBHO MpoTeKaloulHMU Mpoleccamu CHHTe3a H MOCTH 
HUA OHOJOFM4eCKUX CTPYKTYP B MAKOTHBIX OOOMOUKAX HEPBHbIX BOJIOKOH, B 
CTHOCTH B IWBaHHOBCKUX KJleTKax. CyleqoBaTebHO, XapaKTep HM COOTHOUIE! 
B HaKOIWIeHHH pauodocdopa pasivuHbIMH yuacTKaMM HepBHOM CHCTeMBI, 
MeUeHHbIe JIA MOJIOMbIX KPBIC, COXPAHAIOTCA MU Y BSPOCJIbIX KUMBOTHHIX. B fF 
JIMUHBIX WaCTAX WM CTPyKTypaxX HePpBHOH CuCcTeMbI, (YHKUMOHAIbHO OTH. 
WMXCA Apyr OT Apyra, CkopocTb (ocopHoro O6MeHa pa3mu4Ha. OnHaKo Mex 
MOJIOABIMHA H B3POCJIBIMH XKHBOTHBIMH OTMEYAIOTCA KOJIMYeCTBEHHbIe pasuiu4 
IIpu conocrapeHuu MO yYeHHBIX JaHHbIX BULHO, UTO BKJIIOUCHHe MeTKH B TK. 
B3POCIOFO *KHBOTHOFO eT MeHee HHTCHCHBHO, 4eM B TKAHM pacTyMlero XKHE 
Horo, 4TO OTparKeHO Ha puc. 2. M3 mpuBeweHHbIX KPHBBIX cuekyerT, YTO Mak 
MaJIbHOe BKJOUeHHe pasModochopa y 10-qHeBHEIX M B3POCAbIX %KMBOTHBIX 
cruraetcsx K 200 vac. PasHula B MHTeHCHBHOCTH HaKkoneHua P22 MexK LY 3T) 
BOSPaCTHDIMH TpymamMu cocTaBneT 20—25%, XoTA 0 LaHHbIM HeKOTO 
apTopos (**,**) BbICOTa aKTHBHOCTA paquodocdopa y MOMOMBX MKHBOTHEIX B 
pasa Ooubllle, 4eM Y B3PocyIbIX. 
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Puc. 1. CpaBHutTembHadt MHTeHCHBHOCTb BKJUOYUeHHA P3* B HePBHBIX KJIeTKaX I. H. C. 

10-qHeBHBIX Kpbic. ABTorpadbl pasHUHbIX OTAeN0B u. H. Cc. Okpacka — Hucceap. Ummepcua. 

a 4 6 — [puratesbHble KAe€TKH MposoMroBatToro Mosra, 6 H @— ABHLaTebHbIe KJCTKU CIHH- 

Horo Mo3sra, 0 —MHpaMHAHble KweTKH 4-rO COA KOPbI OOMbIIMX MOJymapHu, e — keTKH 

IlypKuHbe Mo3xKeuKa; @ H 6—uepe3s 24 uaca, 6, 2 H O—uepes 92 yaca MH e — Yepes 
240 uac. noce BBefqeHua P28? 


FLATT, 7. 126, Ne 4, Mannna 


|ConoctTaBJIil HHTeHCHBHOCTS BkKOYeHHA P* B TKaHb OombIINXx NoyWwapHit 
HOBopoxKeHHbIxX HM 10-HeEBHBIX 2KMBOTHBIX, CJleyeT OTMETHTh, YTO Y MepBEIX 
fh Bbillle Oovlee YeM B Ba pasa. Ham JaHHble cormacylwrca ¢ pesysbTAaTaMH 
iyTux ucciemopateel (**, 4). Stu apropanquorpaduyeckue WaHHble HaXOJATCA 
OOTBETCTBHH C FHCTOXHMMYeCKUMH UCCuIe- 
BaHHAMM. HanOosee BEICoKan GOaszo0:puins 
OMATO*HIbHOTO BelllecTBa B IMTOMIAa3Me 
DBHBIX KJIETOK Pa3JIMUHbIX OTAeOB Mosra 
ABIAeCTCH Ha lpenapaTax, OKpallleHHBIXx 
yp Ii-503mHom u no Huccato y HOBOpOx- 
IHHBIX, HECKOJIbKO cylaOee Oa3zoduana y 10- 
HeCBHBIX HM 3aTEM Y B3POCJIbIX XKHBOTHBIX. 

| Takum oOpa30M, pe3yJIBTaTbI aBTOpauo- 
aduyeckoro HccieqoBaHuA MoKasaiu, 4TO 
|OHMKHOBeHHe pafMoaKTHBHOTO dbochopa B 
ieTKH Il. H. C. ABJIA€TCA MOCTENCHHEIM HM VIN - 
bHBIM Mpotleccom. MakcuMaibHaa MHTeH- 
HOCTb BKJIIOUeHHA pafModocdopa Bo Bcex 
NCUIEHOBAHHBIX OTeax Il. H. C., 38 HCKJIIO- é 
HauemM Gesloro BellecTBa, JocTuraetca K 200 

hc. Bxsouenne P* B Genoe BelecTBO Il. H.C. wa? 20 
(HOMCXONZMT Ooslee MedvieHHO, Hu Kk 240 uac. 

TeCHCHBHOCTb BKJIOUCHHA WpofommKaer Hapa- Puc. 2. Kpupat MHTeHCMBHOCTH 
lath. JIunHaMukKa BKIOUeHHA M pacmpelenenua 2Xouenun P%® B HepBHBe KueTKH 
9, PasJIMUHBIX OTMEJIOB I. H.C. A — mo- 
| BI. H. C. MOJOMBIX MH B3POCJIbIX 2KHBOT- poppe kpbicnl, 5 — B3pocsbIe KPBICbI; 
IX MMeeT CXOJ.HbBIA XapakKTep. Pacnpejlese- 1—xuaetku Ilypkunbe, 2 — yBura- 
®€ Me€TKH MexK]Y Pa3JIMUHbIMH OTJelaMH TebHbI€ KJCTKH MposowroBpatoro 
lec. yo TeX WAPyIux MuBOTHDIX He sBIaeTca M034, )9 ~~ ABuraTeNPHBIe KneTHy 
& ciMHHOrO mMosra, 4—Km#eTKH 4-ro 
HHOPOMHBIM HM BbIABJIACT PasMUHbI XaPAaK- coo Kops ComUIMx nosymapui, 
—p MeTaOoJIM3Ma B HHX. TKaHb Mo3ra 3apO- §—6enoe BemlecTBO OovIbIIMx M0- 
meu B Mpollecce ero pa3BHTHA MOTolllaer ay mwapuit 
}IMOaKTHBHbIM cocdop HepaBHoMepHo. Mn- 

WHCHBHOCTb BKkJIIOUeHHaA P** yBemmunBaeTCA TO Mepe pocTa 9MOpHoHa u udp- 
| ees KJICTOUHBIX SJIEMCHTOB MO3Ta, JOCTHTaeT MaKCHMAaJIbHOH BeJIH- 
{Hbl Y HOBOPOXKJeHHOFO, 3aTeM OTMeY¥aeTCH ee CHU KeHHe. 10-7HeBHbIe KPbICbI 
KMOuUaIOT pajHOaKTHBHbIM cboctbop B TKaHb I. H. C. Oolble, YEM B3POCJIBIe. 
TCHCMBHOCTb BKJHOUeHHA P*”, a cleMOBaTeJIbHO, H coctbopHbIM OOMeH B Heli- 
(HaX WM pa3JIMUHbIX OTeNax I. H. C. HEOAHHAKOBbI HU 3aBHCAT OT (YHKILMO- 
\JIbHOTO 3HaYeHHA WM COCTOAHHA HEPBHBIX KJIeTOK. 


4 72 120 8192 240 va0. 


Yucno mpekob na 1004? 
> 


aN 


192 4b yac. 


VMuctTuTyT SKCIepHMeHTaIbHOH MeAHIMHBI Tloctynuso 
AkajleMHH MeJ\MUMHCKHX Hayk CCCP 26 XII 1958 
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Jloxaagn Akanemun nayrk CCCP 
4959. Tom 126, Ne 4 


TEHETHK 


K. B. KOCHKOB u O. F. PAEBCKAA 


I@HEKT TOPMODKEHUA HAMPABJIEHHOH MYTALLMOHHOU 
H3MEHYHMBOCTH ®EPMEHTATMBHbIX CBOMCTB APO)K)KEM 


(ITpedcmaeneno axademuxom B. H. Mlanownuxoeem 11 III 1959) 


Panee namu (1) Oba mOKa3aHa BO3MOXKHOCTh YCKOPUTb HallpaBJeHHY!0 Hi 
CJICICTBEHHYIO H3MeHUMBOCTh (bepMeHTATHBHBIX CBOHCTB [pow2Kel MyTeM yBi 
JIMYCHHA B Cpese KOHWeHTpallMM COOTBeTCTBYIOUero Caxapa (cmelMpuyeckol 
cy6crpata). [lonyuaemple pH 3TOM H3MeHeHHA MO XapakTepy BO3HHKHOBeHHS 
YCTOHYHBOCTH M TO HacCweOBaHHIO MPH MOJIOBOM pa3MHO*KeHUK (Ham Mas0C 
paciilereHHe MO H3MeHeEHHOMY CBOMCTBY) MOXKHO Ha3BaTb MYTAIHMOHHbIMM UW 
MeHeHHAMH. 

TlomyueHHbie peSybTaTbI MOKa3bIBalOT, UTO CKOPOCTb HallpaBJIeHHOH Mi 
MeHUHBOCTH (PEPMEHTATHBHbIX CBOHCTB MAKPOOPpraHH3MOB MOXKET 3aBHCeTh OT A 
MeTaOONM4eCKOH AKTHBHOCTH, OMpeMeJIMeMOH MMTATeJIbHbIM CyOcTpaToM. 

OHakO MOXKHO ObWIO MpeMNONOXKUTh, YTO yBeEIMUeHHe H3MCHYMBOCTH CepMel 
TAaTMBHbIX CBOMCTB ApoxxKeH Saccharomyces globosus (c KOTOpbIMM ObWIH Tp 
BeJ€HbI OMNBITbI) MPH MOBbILIGHHH KOHWeHTpaluu Caxapo3bl B Cpesle BbIsbIBAaeTC 
MOBbILICHHEM OCMOTHYeCKOTO WaBJIeHHA, YTO CNeWHPHYHOCTh cyOcTpata B 9TC 
cayuae He urpaer pellaronjet pom. Jia mpoBepKu STOO IpeANONOKeHUA OBI. 
IIPOBeCHbI OMIT! C TEM 2Ke IWTaMMOM poxRxer S. globosus mpu To6aBseHt 
B cpewy Apyrux caxapoB—MaJIbTO3bI HU JIaKTO3bI. 

I onpir mpoBoxuuica B TpyOKax JlyH6apa. B ocHoBHyio cpexy, COCTOSILY 
v3 0,3 % ruaoKo3bl u 5 % pox KeBoro aBTOMM3aTa Ha NPOKHMAYeHHOH B 
JOMPOBOAHOK Bose, HOOaBIAIMCh CaXapo3a, MAJIbTO3Aa HH JaKTO3A B CELYIOUL 
CooTHOWeHHAX: 1) caxapo3pi 32% + mMambTosb 2%, 2) caxaposbi 32 % + maKTOs 
2%, 3) caxapo3bi 2%-+ mambTo3bI 32%, 4) caxaposnr 2%-+ maxTosn 32° 
B KOHTpouwle pu 9Tom: 1) 34% caxaposni, 2) 34% mMasmbrospl u 3) 34% maKTOS! 
O6bem cpefpl 8 Mi, MpoOJOKUTeIbHOCTh onbITa 30 cyToK, Temmepatypa 2€ 
PesyJIbTaTbI STOFO OMbITa MpescTaBeHbI B Tau. 1. 

Kak BuHO u3 Tab. 1, npucyrcTBue B cpefe 2% MasbTOSbI HIM 2% NaKTOE 
COBMeCTHO c 32% CaxapoO3bl He BbI3BAIO CHUAKEHUA KOMUeCTBA Mpucnocobs 
HUM K COpaxKuBaHuto Caxaposbl. Ha cpeye c 32% Mambrosbl u 2% caxaposbi 
ObIO NOM yYeHO HM OMHOFO MpucnocobeHHA K CaXapose, B TO BPCMA Kak B Mp 
CYTCTBHH TaKOrO %Ke MpolenTa MakTo3bl H 2% caxapo3bi Obwio Moyueno 3,8 
NpHCnocoOMeHHH. OTH WaHHble yKasbiBaM Ha BOSMOXHOCTb TOPMOXKEHUA MPOLk 
Ca NPHCMOcoOMTebHOM MSMeHYMBOCTH K CaXapo3e IPH HasM4MM B Cpese Mad 
TOSBI. 

Jina BbIxCHeHHA sTOrO Bonpoca II onbiT petieHo 6blo MpoBectu Cc Apyrv 
COOTHOINeCHHAMH B Cpejle Caxapo3bl M MasbTosbl: 1) caxapo3ni 30% + MammbTo: 
4%, 2) caxapospi 24% + mamptospi 10%; 3) caxaposst 17% ++ manprospi 17 
B_KOHTposle mpH sToM: 1) caxapospr 30%, 2) caxaposp 24%, 3) caxapo 
17%. B ocranbHoM cocTaB cpeybI Obl TAKUM Ke, Kak u B I onBITe. 

Pesyubtarbt I] ompira, mpoBeweHHoro B Tex 2%Ke ycOBMAX, Kak u I oMt 
MpeAcTaBlenbl TakxKe B Tal. 1. OnM CBUeTeCTBYIOT O TOM, UTO MpuCyTCTE 
B cpesle C caxaposoit 4% MaubTO3bI BHISbIBAeT 3HAYMTeMbHOe CHMXKEHHE MPC! 
COOHTeIbHOM M3MeHUMBOCTH K COpaxkuBaHMio caxapo3p. Hanuuue 10 nu 17 
870 


\ 


Tao tuna 4 


PHCHOCOOHTebHaA M3MeHUHBOCTE S. globosus K cOpaxKuBaHHIO caxapo3bl Mpu HamMunH 
| B cpeyle Apyroro caxapa 


Yucno npucnocoOuBmuxca 
Uucno K cCOpaxkuBaHHlo KyJbTyp PLE ek 
i ae Yraenogb B cpere KY JETY.D lsu ou © ||P n UME | linn Gn | LUMsCHRecOpa= 
B OMbITe caxa- MaJIbe ap EB HMO) 
posbr TOSbI NaKTOSbI caxapO3bl 
I Caxapo3a 32% + manprosa 2% 102 43 0 — A2,1+4,9 
Caxapo3sa 32% + maxto3sa 2% 100 39 =~ 0) 39 ,0-4,9 
Caxapo3sa 2% + mMambrosa 32% 400 0 0) ~- 0 
Caxapos3a 2% + naKxTo3a 32% 104 4 — 0 3,8+41,9 
Caxapo3a 34% 40 47 — — 42,5+7,8 
Masbto3a 34% 39 0) 0) — 0 
Jlakto3a 34% 40 0 —- 0 0 
II | Caxapozsa 30% + manpto3sa 4% 80 4 0 — 1,25+1,1 
Caxapo3a 24% + mamptosa 10% 80 0 0 == 0 
Caxapo3sa 17% + mambrTo3a 17% 78 0 0 — 0 
Caxapo3a 30% 81 36 0 — 44,4+5,5 
Caxapo3a 24% V1 39 0 -- 50, 6520810 
Caxaposa 17% bh 16 0 — 20,7+4,6 
III | Caxaposa 28% + mamprTo3a 6% 198 i 0 — 3,541,3 
Caxapo3a 28% + maxTo3a 6% 198 40 — 0 20,2+2,8 
Caxapo3a 28% 187 70 — Sia Be) 5 
. Caxapo3a 34% 187 75 as — 40 ,1+3,6 


| AJIbTO3bI MOJTHOCTHIO NOLaBJIAeT Mpolecc NPUcMocoGJeHHA Tpox«*Kell K Caxapose. 
poJIeAyeT yKa3aTb YTO B MpPOBeJCHHbIX OMbITaX MpH CTepHMsallMH cpex, co- 
(ep2KalluX CMeCb CaXapOB, KaK ObWwIO YCTaHOBJIeHO, MpOWCXolu wacTHUHbIH 
HMpoMM3. Sa cueTr OOpasoBaBIUIMXCAH MOHOCAXapHAOB MpoucxosMsio Gomee HH- 
}eHCHB Hoe pa3MHOxKeHHe KeETOK Ha Cpefax, COfep2Kalllux HW Caxapo3y MH MaJIb- 
o3y. B fambHelliem, uToObl U36ExKaTb STOTO, CTEPHJIM3allHA CaxapoB MpoH3- 
NOTMMAaACh pasfesbHO. CrepHJIbHBIM pacTBOp MaJIbTOSbI OOaBJIAJICA B Cpeyly c ca- 
KapO30H, HelMOcpeCTBeHHO Tepe, 3aceBoM pore. 

III onpir 6bui MocTaBueH B CMeLyroulMx BapnaHTax: 1) 28% caxapospni + 6% 
ManbTo3sb, 2) 28% caxaposn + 6% saKTo3nl, 3) 28% caxapospi u 4) 34% ca- 
ikapo3bl. Bo Bce BapHaHTbI 9TOFO ONbITa, KaK UM MocweLyiomue, B Cpehy AoOaBsa- 
He: BMecTo 0,3 % raioKko3pl 0,1% ee u 9KCTPakT J poxK2*KeBOFO ABTOJIM3aTA B KO- 


imuyectBpe 5%. Pesysaprat III ompira Takxe MpeycTaBJeHb! B TaON. |. 


| Ws ra6a. 1 BugqHo, YTO HHTCHCHBHOCTb MpPHCHOCOONTebHOH W3MeHYHBOCTH 
& pasJIM4HbIX BapvauTax III onpira MB KOHTpoNe Opa pasnu4ynol. HanOoub- 
(lee TOPMOXKeHHe H3MeHYMBOCTH MU 3fecb HadMOLaNocb NpH oOaBeHHH MaJIb- 
Fosp. Jlakro3a Tak2Ke BbI3BaJla a:pdeKT TOPMOXKeHHA, XOTA 3HAYMTEbHO MEHb- 
uli, 4eM MasbTo3a. MurepecHo OTMeTHTb, UTO pasHHa B KO/MYeCTBeE H3Me- 
eH MOyyalach CTaTHCTHYeCKH JOCTOBepHOM MexKy BCeMH TpeMA BapHaH- 
raMuw —C MaJIbTO30H, C JaKTO30H MU C OMHOH Caxaposoln. 

TIpeqcrapiaso HHTepecC BEIACHHTb, HACTYNMT JIM NofaBenwe HavaBllerocs 
“Ke mpollecca mpucnoco6uTembHOH W3MeHUMBOCTH, eCJIH MOOaBHTb B cpely 
caxaposou MambTosy? J|ia BbIicHeHua 9TOrO BoMpoca ObwiM MpoBesenb 1V 
V_ onpirl. 

Tlepponauambuad KOHMeHTpallua caxaposbl B cpese B IV onpire Obuia 35%, 
KOJIMUeCTBO Cpelb B MpoOupKe 4 ma. B Teyenue 7 cyToK us 240 mpoOupok mpu- 
moco6leHve K COpaxkKuBaHMIO Caxapo3bl Mmpon3ouio B 6. 3 234 npodupok, 
KOTOPbIX He ObluIo OOHApyxXeHO Mpu3sHakoB OpoxeHus, B 76 ObluIO oOaBeHO 
a 7 cyTKu no 1 ma 30% mamnprosnt, B 80 no | Ma 30% naxrosbi u B78 10 | Ma 
0% caxaposbl (KOHTpoub). CocTaB cpef mocue HoOaBseHHA CaxapoB: 28% ca- 
aposbt + 6% MaJsbTOSbI WIM JaKTOSbI; B KOHTpoe 34% caxaposbl. B Tex 
poOupKax, B KOTOpble Oblia LoOaB/IeHa MaJIbTO8a, 3a 30 cyTOK MpucnocobleHHe 
cOpaxkuBaHnlo caxapo3bl Mpouszouwio B 12 (15,8 %), Mp AoOaBNeHMN MakTOSBI 
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COOTBeTCTBEHHO TaKUX MIpucrocobNeHHit Opito 24 (30%) u mpH oOaBJIeHHH C. 
xapospi 24 (30,8%). . 

V onpir Obl NocTaBseH M0 TOM 2%Ke MeTOAMKe, OTHE ObWIO TOKO B COO 
HoweHun caxapos. K 4 mi 34% caxaposbl AoOaBAOCh 10 4 mat 34% MastbTO3E 
jlaKTOSbI H Ccaxaposbl (KOHTpoNb). JLoOaBseHHe CaxapoB ObWIO OCYLULeCTBJIE! 
na 5 cytKu. K stomy spemenu u3 443 npoOupoK mpucnocoGu1eHHe K COpaxkHB! 
HMO CaXapo3bl Mpousonio B 4. Ha cpese C MaJIbTO3OH 43 147 mpo6upox 3a 30 ct 
TOK Hocie LoOaBleHuA STOrO Caxapa MpHCNOcOOMeHHe MPO3OLIWIO TOIbKO B. 
(2,7% + 1,3), Ha cpege ¢ akTOSOH COOTBETCTBEHHO U3 148 mpoOupok —B 4 


fee, (16,1% + 3,8) mu Ha cpefe c O2HOH caxap: 
S 0 3 30% ug 144—B 44 (30,6% + 3,8). Tpadi 
8 yueCKH JaHHbIe STOFO ONbITa MpefCTaBJIeHbI ¥ 
2H puc. 1. 
is | 2 Kak moKa3biBaloT KpHBble, Moce 00a. 
Sw JIGCHHA B Cpey MaJIbTO3bI Yepes 4 WHA NO, 
3 HOCTbIO IIpeKpaTusicH mpolecc mpHcnocobs: 
S 0 - / HUA K COpaxkHBaHHlo Caxapo3bl; MocJe 406a) 
g JIGHUA JIAKTO3bI MpHcnoco6seHHe K COpaxi 
$ BaHHIO CaXapO3bl poo Kaocb, OMHAKO ¢ 


CPCB DABLHM  soutenbHo MeubIlel YHTCHCHBHOCTHIO, 4E 
Puc. 1. Oppext TopMoxexHa MpHcmo- BB KOHTpose. Bo Bcex TpexX BapHaHTaX OMbI’ 
ee eter tinea ps OCMOTHYeCKoe JaBsleHHe ObIIO OLMHAKOBBII 
(moKa3aHO cTpekolt) B cpely Apyrux NMOSTOMY JIaHHbIe STOTO OIIbITAa MO2KHO OObA 
yrmesoyos: J — MawbTo3bl, 2— ak- HUTb TOJIbKO CMelMduyeckHM eHcTBHeM Ci 
Tosbl, 3 — caxaposbl (KOHTpOsb) OTBeTCTBYIOMIMX CaXapoB, HaXxOJUBUINXcA 
cpeve. 

J\A BbIACHeHHA MpHpOb MpucnocoOuTeIbHOH H3MeHYMBOCTH BaxKHOe 3H 
yeHHe MMeeT OllpeesieHHe HHTCHCHBHOCTH Pa3MHOXKeHHA KJIe€TOK B pa3JIMUHb 
BapHaHTax olbita. KoulmuecTBO KeTOK MpH 3aceBe paBHaocb 2 MAH. Ha | M. 
Tloycuer KuleTOK B MpOOUpKaX, He HMeIOWIMX IpH3HaKOB Opoxkenusa (Jo npucn 
coOJIeHHs K Caxapose), MOKasas Cleqyroulee: Neped OGaBseHvem B Cpely Apyre 
CaxapoB, T. €. Ha 0 CYTKH NMocule noceBa, KOJM¥eCTBO KJleTOK Obwio 19 MAH 1 
1 Ma; Yepes CYTKH Nocwle AoOaBeHuA MasbTOsbI 19,8 Mau, JakTo3sb 22,4 uc 
xapos3bl 17,6 min Ha | ma. Ilogcuer Oni npousBexen eile vepes 2 u 3 cyto. Cpe 
Hee UMCIO KeTOK 3a 3 CYTOK ObWIO Ha Cpese: Cc MabToOson 18,8 muH, c WaKTO3K 
18,8 MaH M Cc Caxaposo (KOHTpoub) 16,8 man Ha | ma. B mpo6upKax c mp 
CNOCOOMBLIMMUCA K COpaxKMBaHHIO MAKpoopraHHsMaMH Mocsle OKOHYaHUA Opox 
HHA KOJIMUYECTBO KJI€TOK JOCTHrasio B cpeqHeM 160 man Ha | ma. Kak BuHo | 
moycueTa KJIeTOK B MpOOUpKaXx, He HMeIOWIMX Mpv3HaKOB OpoxKeHHA, T. e. | 
npucnocoOeHuA K COpaxKMBaHHO Caxaposbl, YMCJIO KJIETOK BO BCeX Tpex BapHa 
TaX ONbITa ObWIO MPpHMepHo OfMHAaKOBHIM. Tlostomy 3fecb HET OCHOBaHUIi OObS 
HATb NOJYYeCHHbIe JaHHbIe OTOOPOM CNOHTAHHbIX, MYTAalHli; eCM Obl TAKOB! 
JeHCTBUTeEJIbHO BOSHHKaJIH, TO HX JOJIKHO ObWIO Obl MOABHTbCA BO BCeX Tp 
BapHaHTax ONMHAKOBOe KOJIMUECTBO. 

PesyJIbTaTbI MPOBeACHHBIX OIbITOB MOKaSbIBalOT TOPMO3ALee JelicrBue Ma 
TOSbI Ha Mpollecc MpHcnocoGJeHuA Apoxwxelt K COparxkuBaHUlo caxapos3Hl. [pe 
MOJIOXUTEMbHO STOT SPPeKT MOXeET ObITh OObACHEH Sobel CNOCOGHOCTHIO Mall 
TOSbl NPOHHKaTb BHYTPb KJI€TKH M ONOKUPOBATb COOTBETCTBYIOUMe peakly 
MpoOTomlacta, CBASAHHbI€ C BO3HHKHOBeEHHeM CBOLCTBa peNpOLyUMpoBaTb HF 
Beptasy. JlakTo3a Takxke OKasbIBaeT TOPMO3Alee JelicTBue Ha TIpouecc ip 
cnoco6eHHA ApowoKel kK COpaxKHBaHHIO Caxapo3bl, OLHAKO 93TO TOPMO2KeH 
MO CpaBHeHHIO C MaJIbTO3O S3HaUHTeJIbHO MeHee BbIpaxeHo. 

Moxo u Koeu-basup (?) ycranosnin scbdbekT TOpMoxkeHua CuHTesa B-raJa 
Tosufasbt y Escherichia coli npu 2o6apnennn B cpesly ritoKosbl u aKTosbl. BE 
WeM CuIyYae TOPMO3ALee eHCTBHe MaJIbTO3SbI NPOABIAeTCA B 3HAUHTeIbH 
CHM2KeHHH acdpdpekta Caxapo3bl, KOTOpad HHAyUMpyeT BO8HHKHOBeHHE HOBO 
HaCJI€ACTBEHHO YCTOMYMBON (PyHKUMM (penpokykUMA KOHCTUTYTHBHOrO cbepme 
Ta HHBepTasbl), He CBOHCTBeEHHOM MCXOJHBIM KsleTKaM. 
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IpucnocoOusuinecsd c cOpaxkHBaHHIO CaXapo3bl KJIETKH B pa3JIMUHBIX OIIbI- 
ObWIH MpOBepeHbI Ha YCTOMYHBOCTb BHOBb MpuoOpereHHoro MMH CBOHCTBAa 
\M MOJOBOM pa3sMHOxeHHH. Bcero Obwio ucceqoBaHo 29 yeTHIPeXcMopoBblXx 
OB, BbIJeJIeEHHbIX H3 9 pa3sIMUHbIX NpHcnocoOuBuiMxca KysbTyp. U3 stux 
oB 27 Janu paciienlenve 2:2, T. e. ABE KYJIbTYPbI, NOJyYeHHbIe U3 OJU- 
WHBIX CHOP, HHTCHCHBHO COpaxkMBaJIN Caxapo3y H OCTAaJIbHbIe Be COBCeM He 
PaxKUBaJIM STOT CaXap, BeJIH CeOA KAK MCXOJHbIe, HEMPHCHOCOOeHHbIe KIeTKH; 
al pacutenienve 3: 1 u eme | yan pacitennenne | : 3. 

OTH JlaHHble NWOKA3bIBalOT, YTO BOSHHKIUMe B KJIeTKaX HOBbIe (bepMeHTAaTHB- 
je CBOHCTBa HaCJlely!OTCA Kak YCTOHUMBbIC MYTANMOHHbIe U3MeHeHHA, Ilo cy- 
CTBY, Mbl UMM S/leCb JelO C HalpaBNeHHOl MyTalMOHHOM M3MeHYMBOCTHIO: 
/PMCHTATHBHBIX CBOHCTB ApoxxKel NOX BIMAHHeM CrlelMduyecKoro cyOcrpata 
aHHOM CJlyyae caxaposbl). 

| Tlowyuennpie B ONbITaX JaHHble MOKa3bIBaIOT, UTO MOXKHO HE TOIbKO BBI- 
aTb HallpaBJIeHHbId MYTalMOHHbI mpollecc NO H3y4YeHHOMY HaMu MpusHaky 
YCKOPHTb eFO MOBbILMeCHHEM KOHIEHTPalluu Caxapo3bl B Cpese, HO H 3aTOPMO- 
Tb HIM OCTaHOBUTb yKe HayaBlINlica mpollecc mpHcnocoOeHnA LOOaBseHHeM 
icpeqy Apyroro yrviepoa—MaJbTO3bl. 


VuctutyT rexeTuku Ilocrynusio 
Axajlemuu HaykK CCCP 10 III 1959 
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Jloxxayn Akagemun way CCCP 
1959. Tom 126, Ne 4 


BHO@HSHK. 


b. M. TPAEBCKASA 


OCJIABJIEHME W3MEHEHHM COXEPKAHHA PJIAKOPEHA 

B NEYEHU, BbISBAHHbIX HOHH3HPYIOWIEM PAMAILMEN, 

IPH OBJIY4YEHWMM )KUBOTHbIX B ATMOC®EPE C OKHCbIO 
YIPJIEPOJIA 


| 
(ITpedcmaenexo axademuxom T. JI. Jleicenxo 11 III 1959) | 


Vi3pecTHo, uTO B TOM CJly¥ae, eCJIH MJIEKOMHTAaIOWMe NOABepraiwTcA BO3Iel 
CTBHIO HOHM3UPyiolle pawqualuu B aTMocdepe, cosepKallleh OKUCh yrsepok 
UX CMePTHOCTb OT JIYYeBLIX MOBpeKACHHH OKa3bIBaeTCA CYULCCTBEHHO CHMKe! 
HoH (1~*). IIpH 9TOM He TOJIbKO HMeeT MECTO OOJIee PAaHHAA pereHepallua Mops 
*KCHHbIX PajlMalluell CHCTeM, HO M 3HaYHTeCJIbHO OCaOJIEHHbIM OKa3bIBaeTCA U 
HCXOJHOe NOBpexkenue. Tak, y MblllieH, OOJIYYeHHBIX B IIPHCyTCTBHH OKHC 
yrsepojia, MOBpexKJe@HHe KPOBCTBOPHBIX OpraHOB, TOHKOH KHUIKH H meveH 
BbIpaxKeHO ,MHOTO CJlaGee, a HX BOCCTAHOBJIEHHe CHJIbHO YCKOpeHO NO cpaBHe 
HHIO C TCM, TO HMee€T MeCTO Y XKXMBOTHBIX, KOTOPble OOJyYaHCb B OObIMHEI 
ycmoBuax (7). 

AvauM3 yTel JyyeBoro NOBpeKAeHHA, TaK Ke KaK MW M€XAHH3MOB BJIMAHH 
3alLHTHbIX aFe€HTOB, CCTECTBEHHO, JOJLKEH MPOBORMTLCA Ha OTJCJIbHbIX YaCTHB! 
U, B MepBylo Ovepeyb, HavOoulee XaPaKTePHbIX MPOABJICHHAX JTyYYeBOM PpeaKILUl 

Y MJICKOMMTAIOWUX K UMCTY HaHOosee OTUETIMBbIX peakUMH Ha JIy4eBC 
BO3JeHCTBMe€ OTHOCATCAH HapylWIeHHA B YIvIeBOJHOM OOMeHe. B uacTHOcTH, ct 
qep2KaHue PIMKOreHa B MeYCHOUHBIX KJI€TKaX MJICKOMMTAIOUMX B OM KalUy 
CPpOKM Moce BO3eHCTBHA CMePTeJIbHbIX O03 PpawuallMM HeCKOJIbKO BOspacTae’ 
a 3aTeM pe3KO cHuxKaetca (4-8). 

MexaHu3M 9THX H3MCHeEHHH MpOdoKaer OCTaBaTbCH HeMOCTaTOUHO BbIA 
HeHHBIM. 

B uacrosmeH paOdore uccleqoBasica BOMpoc O TOM, mMpemoTBpalitae 
JIM OKHCb yrvlepoa H3MeHEHHA B COMepKaHHH TAUKOreHa B MeYeHOUHOH TKAaHH 
HacTymatollue y %XKMBOTHBIX MO BIMAHHeM OOJIYYeHHA B CMePTeJIbHbIX 03a) 

Onbitbl ObWIM BHINOHeHbI Ha 195 GenbIx MbIMIAaXx O6Oero MOsa Becom 18—25 
B Bospacte 8—1l2 Heemb. 

Ojua rpylima *KMBOTHBIX MOABepradacb OLHOKpaTHOMy oOmleMy BoO3yelic 
BHIO PCHTTCHOBCKUX JyyeH B Wo3e 600 r B OObINHEIX ycnoBuax. Bropas rpymt 
MbILeH OOy4aslacb TOM Ke O30 payualun B aTMocdepe, coszepxamel 0,5 06. ' 
okucH yruepoga. PKuBorHble NosBeprasHcb OJHOKpaTHOMy OOleMy Bose 
‘CTBHIO P€HTTeHOBCKHX Jyvel MpM Cileqyloulux ycnoBusax: 190 xB, 15 ma, dbus" 
0,5 mm Cu + 0,75 mm Al, paccrosuue 30 cm, MomHocTs 203bI 30—58 r/Mum 

Tperba rpyrma Mbulei BbIJepr%KUBaach B aTMOcdepe C OKHCbIO yruepoy 
HO He OOsyyanacb. UerBepraa rpynna cocTosia 43 HOPMaJIbHLIX 2KMBOTHBI 
He fnoyBepraBliMxXcA HHKaKHM BO3JeHCTBUAM. 

PKMBOTHEIX 3a0uBasu Yepes 24, 48, 96 u 168 4ac. mocne oOnyueHHA onp 
eA B MeveHH rinKoreH Metojom I[Idmtorepa. 

B ycOBMaX HallIMx 9KCNepHMeHTOB mpH Jose 600 r cmeprHocTb mpblle 
oOyyaBlMxca 6e3 salute, 3a 28 AHel cocraBiala 96,9%, a mpu sally 
OKHCbIO yruepofa 24%. 

Kak culeqyer u3 Ta61. 1, cozep2kaHve HeOOy4eHHEIX XKMBOTHBIX B aTmMoc¢ 
pe Cc OKuCcbIO yrulepofla He OTPakKaeTcA CyMLeECTBEHHO Ha KOsIMUeCTBeE TIMKOre! 
B meveHOUHOH TKaHH. Tloq BAMuAHMeM OOly4eHUA, NPN HCHOMb30BaHHOM NO 
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Ta6auna 1 


Coyepxanue rauKkoreHa B MeveHn Mblel, TOTAaNbHO OGuyyeHHEIX 600 r 
PCHTTeHOBCKHX syueH 


BpemMa (4acb) 


nocse o6yyeHua 
Ho oO0w1yuenua 


1 24 48 96 168 

HVienonua ; hi. aS nae 

}| onpira ° ° fo) fe) ° 

| A Oo Q be fo pe Ove 
5 3 raukorey | 5 a rauKkoren | 5 a raukorey | 5 3 rauKkorew | 5% | raimKoren 
oO oO oO o om 
a5 (mr %) ZS (mr %) Zo (mr %) Ze (mr %) BS (mr %) 
i= ize) i= 9 [=] Q =| a eB aQ 
6s Bs os BS os 
Rae Rae sk | = a Res 

|i Sia cpanel ise eafas, 

pce r 385 | 1998+73,9 22 | 2382+101,8} 15 | 2100+180,0} 37 1002+75,2| 12 | 950+96,4 

rB 
mMocdepe 
10,5% CO 23 | 1916+133,0} 11 1936+208,0} 44 1918+263,0] 21 1909+140,0 8 | 1626+383,0 


Wualuu, COsepxKanHue MIMKOreHa B MeveHH B TeyeHHe NepBelx 48 4ac. HECKOJIb- 
O BO3pacTaeT, a B TOCJIeqyroulMe cpoKu, Wo 168 uac., 3aMeTHO CHMKaeTCA. 

| HawMenbuiue BeJIMYHHbI, COCTaBAIOULMe IpHOmM3suTembHO 47% kK ucCXO_HOLi 
eIMdHHe, OblIM OTMeyeHEI Yepe3s 168 4ac. nocme O6syuyeHHa. B oTanadue OT 
WOrO y 2%XHBOTHBIX, OOJIYYeHHe KOTOPHIX MPOW3BOAHNOCh B aTMOCdepe, cosep- 
kaye 0,5 06.% oKuCH yruepofa, He HaOmOfalocb HA HavabHoro Nosema, 
HM MOCJeLyIouleroO CHYMKEHHA COMepKaHHA TyiuKoreHa B TKaHH MeueHH. Hexo- 
yopadA TeHeHIMA K CHM%KeHHIO Oblla OTMeueHa Y 3allMICHHbIX 2KHBOTHBIX 
WWlIb uepes 168 uac. nocne o6nyueHua. [Ipu sTOM KOAMYeCTBO THKOreHa He 
HBIXONMJIO 3a HMKHHe Mpelesbl HOPMaJIbHOrO ero cofepKanus B MeueHH. He 
HeKsoueHa BO3MOXHOCTb, YTO MOHMKeHHE B CpeHEM KOJIMYeCTBe MeYeHOUHOTO 

MKOreHa B 9TH CPOKH JOJXHKHO ObITh OTHECEHO 3a C¥UeT MOrMOalolluxX B HeOOJIb- 
MOM UMCJIe XKMBOTHBIX, JIA KOTOPbIX Mepel THOeMbIO XapaKTePHbI OUCHb MaJIble 
deJIMUMHbI COep%KaHuA TIMKOTeHa B TeueHH. 
| Takum o6pa30m, oKucb yruiepoya, MmpucyTcTBylollad B MOMeHT OOy4eHHA, 
(@ TOJIbKO MOBBbIMAeT BbIKHBaCMOCTb MbIleH, HO HM MpeOTBpalljaeT H3MeHeEHUA 
 coflepxKaHHH TiMKoreHa, OObIGHBIe y OOJIYYeCHHbIX XKHBOTHDIX. 

Ilepexoqa kK xXapakTepucTuke MexaHM3sMa 3all|MTHOrO eHCTBUA OKMCH yrvie- 
dOfa, OOHAPy2XeHHOTO B HaIUHX OMbITaX, ClesyeT mpexe BcerO yKa3aTb Ha TO, 
'TO 3allluTHbIM adpeKT HeMOcpeACTBeHHO, MO-BUAMMOMYy, He CBxA3aH Cc Oovlee 
(OJIHbIM COXPaHe€HHeM HHKPeropHOH PyHKWHH HaMMOUCUHHKOB, MOCKOJIbKy CO- 
i MO3rOBOrO CJIOA HaMOYeYHHKOB VM, B YaCTHOCTH, COJepxKaHwe B HEM 
| IPCHOXPOMOB, KaK 9TO MOKa3aJIH MpeABapHTeJIbHbIe THCTOXHMMYeCKNe UCCIe- 
OBaHHA, 3aMe€THO He pa3IMUaIOTCA Y MbIlleH, OOJyuaBUIMXCA B yCJOBUAX 
allUTbl OKHCbIO yrulepoa MU B OOBIUHbIX YCJIOBHAX. 
 TJpupeqeHupli MaTepuasI TOBOPHT B MOJIb3y TOrO, YTO H3MeHeEHHA COep2xKa- 
[iA PIMKOreHa B MeYeHH AUBOTHHIX OOYCJIOBJEHEI, Mpexe BCero, MOparkeHHeM 
MeYeHOUHBIX KJETOK. 
| O6.syuyenne *HMBOTHEIX B aTMOcepe C OKHCbIO yruiepoya OcmaOser PyHK- 
WOHaJIbHbIe HapyWIeHWA MeueHH, N0-BHAMMOMY, B Pe3YJIbTaTe CO3JlaBaeMbIX 
9TOM OpraHe TMMOKCHYeCKHX YCJIOBHH. 


[loctynusio 
26 II 1959 
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Jloxxanp Axaygemuu wayk CCCP 
1959. Tom 126, Ni 4 


BHO®PH 3HK¢ 


M. M. TPOMAKOBCKAA, E. HW. KPHUEBCKAA u C. A. PANMONMOPT 


BJIAAHWE AHTHPHCTAMHMHHbIX NPEMAPATOB HA PASBHTHE 
HEKOTOPbIX PAHHHX JIYYUEBbIX HAPYMEHHH 


(ITpedcmaeaeno axademuxom J]. C. WImepx 5 III 1959) 


3HaueHHe rHcTaMHHa B pasBuTHH sy4eBoro cuHApoma (1°) ene He BONE 
BbIACHCHO. STO HaXOJUT OTPaxkeHHe H B Pa3JIMYHOM OTHOLICHHH MCCeOBaTe 
wie K 9SiPeKTHBHOCTH AHTHTMCTaMHHHEIX MpenapaTOB pu Jyyepow Goes 
30 le Ghand b | 
Panee (14, 1°) 6blulo MOKa3aHO, 4TO yxKe Yepes 5 MHH. Nocue OOTyYeHHA OTME 
yaeTCA MOBbIIMeHHe YPOBHA CBOGOAHOrO THCTaMHHa B Pa3JIHYHbIX TKAHAX I 
CHWKeHHe UX PHCTaMMHOMeKcHYeCKOH cnocoOHOCTH. OTH H3MeHeHHA XHMHYe 
CKOrO COCTaBa HeNOCcpeACTBEHHOM CpesbI OpraHoB HM TKaHeH MOryT HMeTb Ope 
WesieHHoe 3HaueHHe JIA PasBHTHA Pa3JIMUHbIX HapyWeHHH, BOSHHKAaIOWMX 1 
OOJIYYeHHOM OpraHH3me. 

Jia u3yueHuA ITOTO BOMpOca Nepel OOJYYEHHEM BBOLMJINCb AaHTHTMCTAaMHH 
Hble WpenapaTbl — JMMeApos! WH MepHOBHH. 

Pa6ora npoBoluuiach Ha OeJbIX Kpbicax, BecoM B 130—170 r. )KuBoTHbI 
o61yuaducb mpu nomomu annapata PYII-1 B yo3e 1000 r mpu MomtHocTH 34 r/MuI 
WM cpunbtpax: 0,5 Cu u 0,75 Al. JLumegpon (20—25 mr/kr) u nepHoBuH (13- 
15 mr/kr) BBOJMIH BHYTpHOpioWMHHO 3a 15—20 muH. fo oOsyueHusa. Bce uc 
CJI€OBaHHA MpOHsBosHNIMch yepes 45 MMH. nocue OOyUeHHA. 

WeucTtTBue aHTHTHUCTAaMHHHUXNpenapaToB Ha ypc 
B€Hb CBOOORHOTO FrHCTAMHHA HW FTHCTAMHHONEKCH UE 
cKYW CNOCOOHOCTE TKAHEH OOAVYYCHHHX KHUBOTHHIX 
Metoyuka onpesesieHua CBOOOAHOrO rucTaMHHa B TKaHAX, TaK Ke KaK HU COCO 
McCIeqOBaHHA WX THCTAMMHOMeKCHYeCKOH cmocoOHOCTH, NOLpoOHO onucaHI 
paHee (1*, 1°). 

Ta6auna 4 


Uncao 


BosjelicrBue 
OIIbITOB 


Koxa 


Ilouxu | Tleyveub | Mosr 


CoflepxkKaHue cBoOoqHoro ructamuHa B y (Ha 1 r TKaHH) 


Hopma 18 


12,0+0,5 | 3,7-40,4 | 4,040,4 | 2,340 
O6nyuenne 42 17,2+0,95 | 7,5+0,9 | 7,0-+-0,57| 4.70.2 
Bpegenue 2HMefpoua 8 5,7-+0,93 | 3,5-+0,6 3,6-+0,15 | 2,04-+0,3 
O6nyuenue Ha (bore BBe- ey 

We@HHOTO WuMempona 9 8,0-+1,7 5,6-+40,9 4,7+0,8 1,4+0,3 
BBeyenue mepHoBaHa 7 10,6+-0,77 | 3,6+0,53 | 2,9+0,3 1,7-L0, 24 
O6mnyuenne Ha hone BBe- ve 

J@HHOrO MepHOBuHa 6 9,3+0,48 | 5,2+0,8 4,0+0,53 | 41,9+0,06 

IIponent cBa3pliBaHua ructamuHa 
Hopma 44 65-43,2 734-290 81+41,3 88-4, 4 
Oouyuenne 42 4544.3 62-16 7811.2 eer 
Bseyenue yuMenpona 8 77-4 ,2 84-553 79+3 1 9511 ,3 


OOmyueHve Ha (one gu- 


x Me jpoua 2 66+1,6 73+1,5 84-2 ,0 91+4,4 

BeleHHe NepHOBuHa D=2),0 85-40,5 ; 
O6nyueHne Ha coue nep- ac gaan! ieee 
HOBHHa 6 
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63-L4,6 77-45 ,0 76-44 ,6 87-+42,8 


YcTaHOBJIeHO, YTO OMHOKPaTHOe BBEAeHHE JMMeLpOsa HOPMaJIbHbIM 2KHBOT- 
bIM 3HAUHTeJIbHO YMeHbIlaeT ypOBeHb CBOOOAHOrO rucTaMHHa B Koxe. B nou- 
ax 2Ke, Ne€deHH HW MOsre HH JMMeApOJ, HM MePHOBMH HE BbI3bIBaIOT y HOPMaJIb- 
ibIX KPbIC CTATHCTHYECKM JOCTOBeEPHOTO CHWKEHHA YPOBHA CBOOOMHOFO ructa- 
una B TKaHAX. OfHakO 06a STH Mpenapata cHwxKatoT sccbeKT oO1yyeHuA, 
|peMATCTBYA HapacTaHulo CBOOOAHOrO rucTaMHHa B TKaHAX (Tabu. 1). Tucra- 


5 
* 


AMHOMCKCHYeCKaA CNOCOOHOCTh TKaHeH HOPMaJIbHbIX XKMBOTHBIX NO], BJIMAHHeM 
jePHOBMHa YCHJIMBaeTCA TOJbKO B MOUKaX. JMMeApON HeCKOMbKO MNOBbIMAeT 
MCTAMMHONeEKCUYECKYIO CNOCOOHOCTh KOXKU, NMoYeK HW Mosra (cM. Ta6u. 1). 
Ilocie oO6yueHua, Ha (OHE MpesBapHuTeMbHO BBeAeHHOTO UMepoa, pes- 
oe NOAaBIeHHe THCTAMMHOMeKCHYeCKOH CHOCOOHOCTH HaGOMaeTCA TOJbKO B 
oxe. B TKaHM noyeK HM MO3ra OHA YMEHbIaeTCH MeHee 3HAUMTebHO, 4eM MIpH 
jOyYeHHH Oe3 BBeeCHHA-aHTHPMCTaMHHHbIX MpenapaToB, a B TKaHM meyeHu 
laxKe HeCKOJIbKO yBemmunBaetca. IlepHopHH cHuMaeT addeKT o6styYeHuA BO 
icex HCCJIEYeMbIX TKAaHAX. 
}MekcTBwue AaHTHFUCTAMHHHBX TpenaparosB Ha UpPo- 
‘MMaeMOcCTb THUCTO-reMaTHUeCKHX OapbeposB y OG 
yueHHHX KUBOTHHE X. My_uKaTOpOM MpOHMaeMOCTH CyKUI pa- 
}MOaKTHBHBIA usoTOM docopa, P*”, Koropbiii BBOAMICA B BeHY TOTYAC Mocue 
/OyYeHHA B KoJMUecTBe 4u Cu. Tloka3aTeemM MpOHHIaeMOCTH CJTY2KHIIO OTHO- 
eHHe pajlMOaKTHBHOCTH TKaHel K palMOaKTHBHOCTH OJHOBPeMeHHO B3xATOM 
KPOBM, BbIpPaxKeHHOe B %. YcNOBUA OGJY4eHHA, 03a H BPeMA BBeJeCHHA aH- 
}M4rMCTaMHHHbIX MpellapaTOB yKa3aHbl BbIILe. 


r-laOanna 2 


IIlponuuaemoctTb 
Uncso0 
Bosjelicreue ONBITOB 
nouku | neueHb Mo3sr 
Hopma 15 726+84 | 757-452} 8,8+0,4 
O6onyuenve 800—1000 r 14 1197-+-87 | 1376-462] 12,9-+40,9 
Bpewenue MuMeypoma Heobsgy- 
YeCHHBIM 2XHBOTHBIM 5 737-45 | 750+35| 7,6-+4 
O6mnyyenve uepes 15—20 mun. 
Tlocyle BBeJeHHA WuMezposa 5 790+35 | 795+16] 7,1-+0,04 
O6nyuenve uepes 15—20 mun. 
mlocle BBeJeHHA NMepHOBHHA 4 762+105| 914+40] 6,1-L0,7 
| PesysbTaTbI OMbITOB NpeAcTaBJIeHb! B TAO. 2, M3 KOTOPOH BUHO, 4TO BBe- 


MeHHe TUMepona uM nepHoBHHa 3a 15—20 muy. fo OOyyeHuA ycrpaHsAer 
ly¥eBble H3MeHeHHA MpoHutaemoctn ITB mevyenu, nouek u mosra. 
BauaAHMe AHTHFHCTAMHHHBUX 1penapaTosB Ha peg- 
eKTOPHYW BOSOYAUMOCTH WeunTpa ON YRAaWMero 
HepBa y OOAYYeCHHHX KUABOTHHEX. MyHKUMOHAMbHOe COCTOR- 
Hve WeHTpa Osly*alollero HepBa ompese- 
\WIAJIOCb 10 3aMe@VICHHIO Ty bca pu pa3- 
Aparxkenuu OOOHATEJIBHbIX peWenTOpoB Ia- VuTeHcuBHocTbh peakuuu, % 
ipamn 20% pacTrBopa aMMMaka. YcJloBuA TITS Heke RS 
(OOMyUeHUA YyKa3aHbl BbILIe. Hora persia ka 
| Yunrprwasd cnocoOHocTb BBICOKHX 03 = 7#MCAPO” | Ao Bed. 
MMeApola OKa3blpaTb BaromuTHuecKoe 7 MI/KF | AHMCAP-) genes 
Melicrsue (1°), mpeqBapuTetbHO uccueqo- LUMPY 
Baloch JeHCTBMe pa3JIMYHbIX 03 AuMer- 


Ta. Oil war ave 


yepes 
55 MHH. 


yepes 
85 MH. 


10—15 100 103 | 4140 90 


pOJla Ha HHTCHCHBHOCTb 3aMeJVICHHA MyJIb- 50 100 64 | 52 | 59 
ca Mpa pedmeKTOpHOM pa3qpaxKeHHu WeHT- = 25 100 Egy Mor sina 
pa Omyxaloulero HepBa. 35 100 30 OmpeL7 


Pa3IM4HA B WHTCHCHBHOCTH peakIlMH, 
HaOwioqaBuelica mocie BBeJCHHA ANMeLPOJIa, BbIPayKeHbl B MPOIMeHTax IO 
OTHOWeHHIO K MCXOHOM BeruuMHe pedieKca, mpuHaToH 3a 100 (ra6s. 3). 
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Kak BugHo u3 Ta6u. 3, BBeLeHHe AuMempoula B KomMYecTBe 35 Mr/KT 3Ha4uH- 
TeJIbHO OCJaGIAeT pecbieKTOpHoe 3aMejieHHe mysbca. Baefenue MuMespoua 
B jose 20—25 mr/kr BbI3bIBAeT MeHee SHAYMTEbHOe YrHeTeHHe petp1eKTop Hon 
peakunu. 10—15 mr/Kr fuMeqposa He OKa3bIBaeT yrHeTalollero AeHCTBUA Ha 
WHTCHCHBHOCTb pedJIeKTOPHOTO 3aMeWICHHA MyJIbCa,; 9TO YKa3bIBaeT Ha OTCYT+ 
CTBHe BJIMAHHA UCMbITAHHbIX JO3 AHMelpoJla Ha (yHKUMOHAJIbHOe COCTOAHME 
Osly2KWaroulero HepBa. i 

Bpezenue JuMeqpora B KounuectBe oT 10 go 25 mr/xr 3a 15—20 Muu. oO 
OOYYeHUA MpeMOTBpallaeT BIMAHMe PeCHTTeHOBCKUX MyYeH Ha PbyHKUMOHAab- 
Hoe COCTOAHHe WeHTpa Ovly2Katollero HepBa (TaOu. 4). 


Ta6auuna 4 


MuteHcuBHocTh pe@sIeKTOpHOrO 3aMejJICHHA 
nyspea, % K HOpMe 
Yucso 
Bosmeiicrsue nocue OOy4ueHuA 
OIIbITOB 3 
Ao obury4. yepes wepes yepes 
5—10 Mun.}| 45 Muu. 120 MuH. 
O6syueHue 6e3 BBeWeHHH aH- 
THIHCTAMUMHHBIX MpenapaTos 35 40-+-4 10-42 8-+3 164 
OOsyyeHve mocne BBeqeHHA 
5 mr/k?r 2uMeypoma 8 39-+7 14+4 14-+-2 {747 
O6myueHve mocne BBe_eHuA 
40—15 mr/xr gumeyzpona ug) 30+4 30-+3 33-4 39-+4. 
BsBegenne 10—15 mr/xr yumez- 
pola — KOHTpOJIb 17 30-4 33-44 27+4 38-46: 
O6mnyueHue nocne BBeseHua 
20—25 mr/Kr qumMeyposa 16 30-46 19-+-4 18-+3 29-L5: 
Bpegeuve 20—25 wmr/xr gu- 
Meposa — KOHTPOJIb 13 33-5 18-46 19-46 2415 
O6OsyyeHve ocse BBeeHuA 
13—15 mr/xr mepHoBuHa 6 37+8 29-4 Jo-7 38-+8 
Bpegenue 413—15 mr/xr nep- 
HOBHHa — KOHTPOJIb 4 31-46 28-47 23-+6 34-7 


AnaJlOrMuHoe 3alllHTHOe JeHCTBHe OKa3bIBaeT TakKiKe H MpesBapuTesbHOe 
BBeeHHe NepHoBuHa B o3e 13—15 mr/xr. 

OTH OMBITH! MOKaSbIBalOT, YTO B MOABJICHHM JIYYeBLIX HapylleHHl dyHKWLMO- 
HaJIbHOrO COCTOAHUA BereTaTHBHbIX WeHTPOB OMpeeNeHHyIO pOJIb urpaer ru- 
CTaMHH, MpeloTBpaleHve OOpas0BaHHA KOTOPOTO BBeJeCHHEM aHTHrucTaMHH= 
HBIX pelapaTOB yCTpaHAeT NMOABJIEHHe H3SMeHEHHH pedeKTOPHOK BO36yuMO- 
CTH WeHTpa G6sly2xKfaloulero HepBa. 

BAHWAHHe AHTHFHCTAMHHHEX TpenapaTosB. Ha 
peakKUwlo KOCTHOTO MO38ra Npu O6MeM OO mTYUeEHUH. 
B wactosieH paOoTre usyyal0cb BJIMAHHMe€ aHTHTMCTaMHHHBIX MpenapaToB Ha 
TeueHWe NopaKeHuH KOCTHOrO MO3ra MpH TOTaIbHOM OOmyueHuH. YcnoBua 
O6J1y4YeHHA YKa3aHbl BBIlIIe. 

B kauyectBe aHTHrHcTaMHHHOrO MpenapatTa B JaHHOl cepHH ONbITOB uccue- 
AOBasICA TONbKO TUMempos (03a 25 u 30—50 mr/kr). 

JUIA BEIABICHMA PAaHHUX JIYYeBLIX MOpaxkeHuli KOCTHOTO MO3ra NPHMeHAIICH 
MeTO], CYMPaBMTaJIbHOTO JIIOMHHeCIeHTHO-MuKpockonMYecKoro UCccelOBaHUus 
(*”). Kocruplit Mosr uccjeqoBasica yepes 2 vaca nocne o6myuenua. Vurencus- 
HOCTb NOpaxKeHHH ONpeeMANaCh KOJIMYCCTBOM MUKPOHeEKpO30B B | Mr KOCTHOFO 
mosra. IlojyueHHble pe3ybTaTbl NpuBeseHbI B Tabu. 5. 

Kak BUZHO 43 TaOJ. 5, WMMeXpo, BBEJCHHEI NO OOyYeHUA KaK B J03€ 
25 mr/Kr, Tak M B Jose 30—50 mr/kr, cHwxKaeT paHHue syueBbe nopaxkeHus 
KOCTHOrO Mosra. C yBeMUeHHeM JO3bI BBEJCHHOTO JUMepoua 3alllUTHOe Jell- 
cTBHe ycusiMBaeTca. IIpu OleHKe MOJYYeCHHBIX JaHHbIX HEOOXOAMMO YUHTHIBATD, 
uTO QMMeXpo B OOMbIIMX Josax OONaqaeT HM aTpoNHHONOZOOHEIM JeficTBHeM 
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Ta6Oaunma 5 


Unculo MUKpo- M,— M2 
B 4 Uncgo HEKPO3OB B a ——— a 
CREMORNE %KHBOTHBIX | 1 Mr KOcTHOTO m2 + m2 
Mosra 4 2 


KoutpoubHoe o6myuenne 18 1609-+-162 
O6syuenne uepes 20 muH. moc- 
me BBefmeHun 20 mr/kr uMe- 
posta 16 1182+-156 1,8 
O6syuenve uepes 20 MEH. moc- 
ye sBBeyenua 30—50 mr/xr 
WuMepoua " 44 | 40694-1494 Dal 


? 


18). B npegbilyuelt Cepuu OMbITOB ObIIO NOKa3aHO, 4TO JUMeTPON axe B 
pe 25 MI/KI OKa3bIBaeT HeKOTOPOe aTPOMMHONOROOHOe JelicrBue, a Hamu 
jHee ObLIO YCTaHOBJICHO, YTO ATPOMHH, BBeJeHHbIM KaK flO, TaK HM Mocse O6- 
YeHHA, Pe3KO CHHKaeT PaHHHe JyUeBbIe MOpaxXeHuA KOCTHOTO MOSra. 

B cBete 9THX JaHHbIX MOXKHO CUMTATb, YTO YMeHbINeHHe NOpaxkeHHM KOCT- 
fo Mosra pu ToTasbHOM OOJIYYeHHH XHBOTHBIX MOCe BBeCHHA TUMelposa 
HASbIBACT TOJIbKO Ha BO3MOMKHOe yuacTHue FHCTaMMHA B M€XaHH3Me BO3HUKHO- 
HMA STOH peakWHH KOCTHOTO MoOSsra. 

Sakatwueunne. IomyyeHHble Hamu pe3yJbTaTbI MOKa3bIBaloT, UTO BBe- 
we aHTHIMCTaMHHHBIX [penapaToB JO OOyYeHHA ycTpaHAeT He TOJbKO NO- 
menue YpOBHA CBOOOJHOTO rHCTaMHHAa B TKaHAX, HO HW Hapyllenue nponullae- 
oct ITB, usmenenue dyHKUMOHaIbHOTO COCTOSHHA WeHTpa GuyxKJarowjero 
ipBa uM OcaOAeT paHHue MOpaxKeHHA KOCTHOTO Mosra. 

Takum o6pa30M, yMeHbIIIad ypOBeHb CBOOOAHOTO rucTaMuHa, OOpa3yrollero- 
_B TKaHAX OOJYYeHHOFO XKMBOTHOFO, yAaeTCA NpepBaTb Web peakUHH, 06- 
\JIOBJIMBaIOUluX MOABJICHHe H pa3BHTHe Pa3JIMUHbIX JyYeBbIX Nopaxkenuh. 
OyHaKO, YYHTHIBAA CIOMHOCTh JeHCTBUA Pa3JIMYHbIX AHTHTHCTaAMMHHDIX Mpe- 
| PaTOB, MOJIYYeHHbIe HAMM Pe3YyJIbTaTbl HEJIb3A PaCCMaTPHBaTb Kak Oeccnop- 
se JlOKa3aTeIbCTBO pellaiollelH pou THcTaMMHa B PaHHHX JIYYeBLIX peakUUAX. 
brlacHO JIMTepaTypHbIM jlaHHbIM (1°), aHTHIHCTaMHHHbIe NpenapaTHl, Kak, 
iIpMMep, NpoMeTa3HH UM XJOPMpOMa3HH, MpenATCTBYIOWIHe OCBOOO*KeHHIO 
CTaMHHa M3 TKaHeli, 3a/ep2%kuBaloT TakxKe M OCBOOOMK enue 5-rHApoKcuTpun- 
(Muna. 

| PemleHue 9TOrO BolIpoca TpeOyeT abHeHWIMX MCCeAOBAaHUK. 


VMuctutyT Ovosoruyeckoli (u3suKku Tloctymuuo 
Axkallemun Hayk CCCP [5 III 1959 


UMTMPOBAHHASA JIMTEPATYPA 
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Jlokaagn Anagemun nayx CCCP 
. 1959. Tom 126, Ni 4 


BHOXHMYH, 


H. 11. KOPABJIEBA 


BJIMAHME TAMMA-JIY4GEH HA COJEP)KAHHE CY JIbOruyPHJIbHbI 
COEQMHEHAM B KJIYBHAX KAPTOPEJA | 


(ITpedcmaeaeno axademuxom A. H. Onapuxoim 3 III 1959) 


Vionusupylouad paquallua MOXKeT BbISbIBATb CTPyKTYPHble U3MeHeHHA Ged 
KOBbIX MOJIeKyJI, OuIM3KHe K JleHaTypalMOHHBbIM TeMOBbIM H3MeHeHUAM (7 
Jlenatypailuio CBASbIBaIOT, B YaCTHOCTH, C NOABJIEHHeM CBOOOHBIX CyJIbprH] 
PusbHBIX rpynm (—SH) B pesyujbTaTe paspbiIBa AMCy/bPYAHbIX MOCTHKO 
(—S— S—), cBx3bIBaIOWlMX OTJCJIbHbIeC MenTHAHbIe Wen. 

Jleiicrsue oO1y4eHHA Ha COCTOAHHE CYJIbPru{pWIbHIX UH AMCYJIbPUTHbI 
COeCHHEHHM OCBelleHO B pAe UCCeAOBAHHH, MpOBeeHHbIX Ha PaCTHTeJIbHbI 
WM} XXHBOTHBIX OpraHH3Max. B [\poxkxKeBbIX KJIeTKaX KOJIMYCCTBO CBOOOJHBIX 
TUTpyeMbIX Honzom SH-rpymm 3aMerHO BO3pacTasiO pH OOyYeHHH 034M 
cBbile 30—40 tnic. r (7). Bpwio moKa3aHO Mp NapaJeIbHOM UCCIeqOBaHH 
ACKOPOHHOBOH KHCJIOTHI, UTO TOTATHOH, WHCTEHH, ACKOPOHHOBaA KucwIOTa, Ka 
WM pyre KOMMOHEHTHI OKHCJIMTEIbHO-BOCCTAHOBHTEJIbHBIX CHCTeM, HIpaloT He 
MaJIOBaXKHY!IO POJIb B PeryJIHPOBAHHH OKUCJIMTebHOTO pexKUMa TKaHeH pacrTe 
HHH. Iloppmuienve B TKaHAX PacTeHHH TuOTaTHOHa HM aCKOPpOMHOBOHM KUCJIOT) 
HaOl0LaH pH OOMYYeHHH pa3IMIHbIMH O3aMH PeHTTeHOBCKHX HM Y-Tyde 
(*, *). OOmnyueHve ceMAH NWeHMIbI FO30H 32 ThIC. r MPHBOAMO K CHH2KeHHI 
coflepxkaHuA TuOTaTHOHAa H aCKOPOHHOBOM KUCJIOTEI B mpopocTKax (°). 

Hacrosmjad paOoTta ABIAeTCA pa3qesioM mpoBoszumMbEIx B MucTutytre OuOoxr 
Muu AH CCCP xommueKcHbIX UcceqoBaHHi JelicrBuA palMalluH Ha OOme 
BeIeCTB 3alaCHbIX OPraHOB pacTeHHi HM HCMOMb30OBAHHA MOHH3UPYIOWULUX U3Jy 
YeHHH VIA yVJIMHCHHA CpOKOB XpaHeHHaA KapTodera u opomen (°, *). Baw 
ycTaHOBJIeHO, 4TO MOA WeHcTBHeM Y-J1yueH H3MeCHAIOTCA YPOBeHb HM HallpaBJer 
HOCTb pxyla OHOXHMUYeCKHX Mpoweccos. Cpasy mocsle oOyyeHUA cBexKeyOpak 
HbIX KyOHeEH KapTodea Obli0 OOHAPy2XeHO CHWKeHHE COJepxKaHUA acKOpOL 
HOBOM KHCJIOTHI, IPONOPUHOHAaIbHOe BeMMUHHE Jo3bI (S—20 roc. r). [lpu gaat 
HeHillleM XPaHeHHH COJep%KaHve BUTAMMHa B KOHTPOJIbHOM MU OGIYYeHHOM Kaf 
Todese OblIo OMHakoBEIM (°). OOsyueHve caBuraer pH B KmeTKax ria3Ka 
MAKOTH KJIYOHA B IeIOUHY!0 CTOPOHY, BbI3bIBaeT cMemleHHe pH M9T G6enKos 
HYKJICONPOTeEHAOB B KHCJIYIO OOaCTb, NOHWKaeT OKUCIMTEMbHO-BOCCTAHOBE 
T@IbHBIM ToTeHuMal (°). U3smenenue cbu3HKo-xMMM4eCKUX , CBOLCTB H YPOBH 
OKHCJIMTEJIbHO-BOCCTAHOBUTCJIbHbIX MPOWeCCOB, MO-BHAMMOMY, TeCHO MexKI 
coOoH CBA3aHBI. 

IIpencrapiaocb HHTepeCHLIM BLIACHUTh MHAMHKY Cosep»xKaHUuA cysbpryy 
PHIbHBIX M JMCYIbPUAHBIX CoequHeHUlt HM aCKOPOMHOBOM KUCOTH B KIYOHA 
KapTodeuia WM eHcTBMe Y-Jly4ueH Ha M3MeHeHMe 9sTUX coeqMHeHHi. Comep>KaHE 
SH-rpynn mp xXpaHeHuu u ecTeCTBeHHOM BBIXose KJIyOHeEH H3 COCTOAHUA MOKOSs 
CYAH MO HMCIOULMMCA JIMTeEPaTYPHBIM JaHHbIM, B 3aMeTHOM cTeneHH He M3MeHS 
erca (7°). Poh ruioraTHoHa 4 Apyrux cymbbrugpHpabix coequHeHUi B cpusuc 
JOTMYECKUX MPOWeccax, CBASAHHBIX C MPOXO*KJeHHeM NepHosa nokKos, cmeqye 
M10-BHAHMOMY PaCCMaTPHBaTb B CBA3H C HX OKHCJIMTEIbHO-BOCCTAHOBHTeJIbHBIM 
cBolicTBamu (14), 
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OnpefeeHua MpOw3BOAMIMCh B KOHTPOJbHbIX HM OMNBITHBIX KTyOHAX cpa3y 
ie OOYYCHUA Pa3s/IMYHbIMH NO8aMH MpH MHTeHCHBHOCcTH 500 r/MuH, Ha mpo- 
XCHHH JVIMTeJIbHOrO BPCMeHH XpaHeHua KapTodensa. Jina anamM30B uCHOUb- 
AaJsica KapTodevtb copta Jlopx. IIpumenanacb Metoquka cyMMapHoro THT- 
sAaHHA ©=HORaTOM KasA 
(b(PrHAPWIbHBIX rpynn u ue ynma ~SH- u-S-S- epynnia 
(OpOHHOBOH KUCJIOTHI pe- ~~ : 
iHBOM TuibMaHca.Tutpya @E_: 

aTOM 9KCTPaKT m10- 
+ BOCCTAHOBJICHHA IHHKO- 
TIbLIbIO, Olpeleau 
‘MMy CYJIbC(pPruA{pHJIbHBIX u 
LYJIBDHAHBIX COCIMHEHHIt- 
‘Kak Buguo u3 puc. |, Ko- 
HHECTBO CY Jb(ruApUIbHbIX 
On HW AMcybpUuAHBIX CBA- 
| HEOJHHAKOBO B pa3JHy- 
KX TKAHAX KIYOHA WH H3Me- 
PICA B TeYeHHe XpaHeHus. 
WMa —SH- nu —S— S- 
| Ip XpaHeHHW yMeHb- 
etca. B > raa3Kax KOH- 
WIbHBIX KJTYOHeH (puc. la) 
(Map Hoe cojlepxaHue 
SH- u —S — S-rpynn 
P2HBUIMJIOCb Cc MeKaOpsA no 


— SH - epynrm —5-S- epynnim 


q YI 
,epwxaHue — S— S-rpynn Mecaues 


Puce. 1. M3menenne cojepxKaHua cCybirHqpHIbHbIX U 
tBo — SH-rpynn ysesu- JMcyAbUuAHIX PpynM B rasKax (a) “ MaKoTH (6) HeO6- 
bBaeTCA C MeKaOpA M0 (eB- = nyuenHbIx M OOuTyYeHHBIX KyOHeH pu Xpanennu (B MuaA- 
Mlb, MOHWKaAcbh B ampese  HIMTpax 0,001N KJOs Ha 100 r ceiporo seca). 1 — He- 
o61yueHHEIX, 2—10 ThIc. r, 8—100 Thc. r 


| YPOBHA HeCKObKO HMKe 
KOHOrO. 
| Pasmax u3MeHeHHit B MAKOTH MeHee 3HaUHTeJIeH, 4eM BIvia3Kax (puc. 16). 
lekaOpx mo cbeppalib cyMMapHoe cojlepykanue — SH- wu —S — S-rpynn, a 
koxe H KouMuectBO —S — S-cBa3eH YMeHbIlaeTCA C OJHOBPeMeHHBIM yBe- 
) JIMYCHHEM KOJIMUeCTBA CYJIbiPrHuy- 
| Taoauuat PHJIbHBIX rpynm. 
GepxKanve CyMbPrugqpHbHBIx M THCY Jb pM AHBIX O6styyeHve Co® BpispiBaer He- 
puget B TK@AHAX KapTodesa cpa3y mocJie o6my- 3HauHTeJIbHOe yYMeHbIneHHe CyM- 
‘WA (B MHJIHTPpaMM-IIpoueutTax TJlkWTaTHOHa Ha MapHOro cojepxkanua — SH- H 
cris ina Sues —S—S-rpynn cpasy mocae 06- 
ayuenua (Ta6n. 1). Ilpaxruuecku 
S ta eee MmpH oOsyueHuH WO3aMu oT 3 Jo 
T —si] —s—s| > -si| -s-s 5 100 tic. r oOmee coysepxanue 
| — SH-u— S — S-rpynn B raa3- 
KaX HW MAKOTH He OTMMYAeTCA OT 
i a we a a os ee KOHTpowbHoro. McksmwoueHnue — 
15 .| 244] 151 | 395] 190 | 283 | 473 go3a B 300 TIC. r, mocre mpu- 
199] 226 | 425°) 241 262 | 473 Me€He€HHA KOTOPOH KUHCJIOTHAA BBI- 


8 
10 | 4175 | 172 | 347| 157 | 259 | 446 LCR rad Otte OL 
00 | 271 | 78 1349] 280 | 75. | 355 POG. es FESR SRH Ae Vio 
00 | 253} 132 | 385 | 238 | 475 | 413 p ApeAy ip yrouly 


00 0 3 3] 475 | 475 | 359  cmoco6HocTb. TlocmeqHaa nocrte- 

: M@HHO BOCCTaHaBJIMBaeTCA pH 
HeHHH OOJIyYeHHOrO MaTepuvana. Cpa3y mocie o6myyeHHaA mponcxo,uUT 
onjeHue —SH-rpynn B MaKoTH HM TwasKax, 3aMeTHOe yxKe pu Jose 
‘THIC. I. C ypemuueHHem yospr no 20u100THIc. r KomMuectBo — SH-rpynn 


TnasKku MakoTb 


TIAH, 71. 126, Ne & 884 


BospacTaer mpHMepHo B 2 pasa. Cogepxanue —S — S-rpynn mpu oly ueHHu 
HalpOTHB, YMeHbIlaeTCA. OTO OTYETIMBO 3a4MeTHO B TlasKax MOCJE o6s1y4eHH: 
jo3amu 3—5 TbIc. r H B MakoTH — mocse 20 THIc. r. Takum oOpasom, lipv’ He 
SHAUMTEIbHLIX KOJCOAHHAX CYMMapHOrO coOsepxaHHA OOYYCHHE BbISbIBACT, U3 
MeHeHHe CooTHOMIeHUA —S — S- u — SH-rpynm cpa3sy mocie oOmyueHHus. 
IIpu xpaHewuu HanpaBjenue u3sMeHeHHi B cogep»kaHuuy —SH- u —S—S§& 
rpyMll B KOHTPOJbHOM HM OOJIyYeHHOM KapTodesie B OCHOBHOM COBnajlaeT. B raia3 
KaX OOJYYCHHBIX KiyOHel (puc. la) Ha BCeM MpOTH2%KeHHH XpaHeHHA CYMM: 
—SH- 1 —S—S-rpynn u Komnyecrso — S — S-rpynn Mmenbute, a — SH 
rpyun — Oouvblie, YeM B KOHTPOJIbHBIX. B MAKOTH 9TO COMepKaHHe MO-pa3sHoM) 
MeHAeTCH B KJIYOHAX, OOYUeHHBIX Jos0i 10 ThIc. r (6ombUIe — S — S- HM MeH 
we —SH-rpynn) u 100 tric. r (6onpue —SH- u menbmie — S — S-rpynm 
yeM B KOHTpOwle). HanpaBsIeHHOCTb H3MeHeHH B MAKOTH OOJTYYCHHEIX KsTyOHE! 
(puc. 16) copmagaeT Cc KOHTpOMbHbIMU Jo dbespamax. B heppame B MAKOTH KOH 
TPOJIbHBIX KJIyOHeli HaMeuaeTCH YeTKAaA TeHJeHIMA K YBeMYeHHIO cojepKa 
Hua — SH- u — S — S-rpynn, Torga kak B OOJIYYeHHbIX HX KOMMYECTBO APO 
joubKaeT yMeHbUlaTECH. Oco6eHHO pe3Kaad pa3sHuila Mey OOJIYYCHHBIMH | 
KOHTPOJIbHBIMH KJIYOHAMM OOHapy2XuBaeTCA B allpeie, KOr{a KOHTPOJbHbI 
KJIYOHH HauHHaloT BLIXOMHTb M3 COCTOAHHA MOKOA WM 3aTeM Mpopacralor. 


TaOnmuna 2 


Conep2KaHve ackopOuHOBOl KUCOTLI B TKaHAX KapTodeda cpasy mocae 
oOJyyeHHA B Mpolecce xpaHeHHaA (B MHJWMIHTpaMM-NpoleHTax Ha CbIpoe 


BeLLCCTBO) 
Tna3Ku MaKkotTb 
Jlosa, Tbic. r Ee Ses 
XII | II | Ly | VII XII | Il | IV | VII 
Koatp..'. 12.9)3 F652) tt, 9 | Sa nG os “iS gaa eee 
3 5.8)? 3,6 150,9 ea ed SOs omega 
5 BO Loe OL OG lt 35 Lan On. O iphaeree’s tak Sma 
8 63° (3.8. | t,o" | a 8) ae etd eg ee 
10 TQ. ben Ole 0.9" 1 20,8) | oem | NG Gull ean 
20 4,8 me OT |e ne na ea an a enc 
50 51010 325 APP, Bean BS OS LOTEDNT | Mee a 
400 ZANIVS CGNAN A. deOah oh Suns alana meee 
300 O39 wheat sna Neat nel Saye! es Ny soa hie yo 


Cojep2Kkanve aCKOPpOHHOBOM KMCJIOTHI B KOHTPOJIbHBIX KJYOHAX pH XpanHe 
HMM yYMeHblllaeTca Oovlee 4eM B 2 pa3a Cc AeKaOpsA no dbeBpaslb B MAKOTH HU Ooue 
yeM B 9 pa3 — B rvia3Kax (TaOn. 2). OOmyueHHe BbISbIBAeT 3AMeETHOe NOHWKEHH 
COfep2KaHHA aCKOPOMHOBOH KUCJIOTHI B Tla3KaX MPOMOPUMOHAIbHO 03e OGY 
yeHHA. 

B MsKOTH cpa3y nocie OGlyYeHHA 3aMeTHOTO M3MeHeHUA cosepxKaHH 
aCKOPOHHOBOH KUCJIOTHI He HaOwOMaeTca. Hexoropoe yMeHbIeHHe BBI3bIBaK 
nosbiB 20, 100 u 300 tec. r. pu xpanenun KommuecTBo acKOpOHHOBOL KUCH 
Tbl YMeHbIlaeTCA H BECHOH MOUTH BbIPaBHUBaeTcA C KONTPoseM. Tak, B ampes 
coflep2KaHHe aCKOPOMHOBOH KUCJIOTbI B MAKOTH KiyOHeH, OOy4YeHHBIX 03am 
3—8 THIC. f, H€ECKOJIbKO MeHbUe; O61yyeHHEIx 10 THIc. r — OZMHAKOBO; 50- 
100 Tic. r — menbuie B 1,5—1,75 pa3a, uem B KOHTpome. 

OGuapy2kennas HaMH Upe3BbIyalhad MaOWIbHOCTh CYJbQrHYAPHAbHBIX Cor 
AMHEHHH, NOCTOAHHAA CMe€Ha COOTHOMCHHA Mex ly OKMCCHHOM M BOCCTAHOBIE! 
HOM POpMaMH MIPMBOAMT K BHIBOLY O BaKHOH POM NOMMNMeNTHAOB, copeprxallly 
cepy B lmpomeccaxX NOKOA u mpopacraHua. 

lismeHeHue B cojlepxkanun —SH- u — S — S-rpynn nox BauaHuem 060 
YeHHA ABJIACTCA, HECOMHCHHO, OHO H3 MPHYHH, NPHBOAAMMX K HOTepe Kuyt 
HAMH CMOCOOHOCTH K MpopacTaHuHio. 
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OBBIMIeHHOe COJepKaHne CyMbPruAPHbHbIX COeMHHeEHUN Noce obOnyue- 
| MOXKeT ObITb CIECTBHEM, BO-NePBbIX, H3MCHEHHA COOTHOIWeEHUA Mex Ty —SH- 
-- S— S-rpynnamMn B CBA3H C APyruMM HapyllieHHAMH B OKHCJINTeJILHOM 
KUMe H, BO-BTOPBIX, YaCTHYHOFO pacriafa MOJeKyJbI OeKa C pa3pbIBOM 
| EUHEIX cBa3eH. 

WY BelMyeHHe KONMUecTBa — SH-rpynn, yMeHbINeHve ANCyb@MAN‘IX cBA- 
, MOHW2KEHHE COJepKaHHA ACKOPOMHOBOM KUCJIOTbI NOSBOJIAIOT TAKHKe TOBO- 
ib O TulyOOKHX H3MCHEHHAX B OKUCJIHTEJIbHO-BOCCTAHOBUTeIbHOM pexkuMe 
qHeH nocuie cOyueHna. 

pHHOWy riyOokyt OvarofapHocTb JOKTOpy CeJIbCKOXO3AHCTBEHHBIX HayK 
‘B. MetnulkomMy 3a pYyKOBOJCTBO pa6orou. 


“Vecrntyr 6voxumun um. A. H. Baxe : Ad 
Axajlemuu nayx CCCP 26.1] 1959 - 


UHMTHPOBAHHAS JIUTEPATYPA 


1 A.T. Tlacti ue kn it, Ceccna AH CCCP no MupHomy ucioub30BaHHIO aTOMHOH 9Hep- 
Saceqanne Orz. Ouon. Hay Kero Mata LODO aa CDD us SOen bormM) Ji een Cle nIebs 
u. Jlelicraue oOnyyeHuii Ha opranusm, H3q. AH CCCP, 1955, crp. 78. eI An oodles 
, Jloxn. ceccun AH CCCP no MupHoMy HCMowb30BaHHIO aTOMHON 9HepruHn, Sacemanne OTR. 
- wayk, M. 1955, crp.127. *A.R. Coo k, Science, 117, Ne 3048, 588 (1953). 5C. 0. Due 
eB, JAH, 101, 1055 (1955), = ® JI. B. MerauuKn iy, B. A. Py6uu,B.I. Xpy- 
B, Tp. BeecoiosHoti KoHdep. no MpHMeHeHHIO H3OTONOB UH Sep HEIX uamyueHui, Cexu. M3y4. 
TH. opraH. Ppi6Hoe x03. MHIUeBo MPOMBILIIJI€HHOCTH, VMsy. AH CCCP, 1958, erp. 212: 
A. Py6uun, J.B. Metauuxkuih, Kypx. 06m. 6Hom., 19, 387 (1958). eee 
1bKOBA, TAH, 114, Ne 4, 757 (1957). 8 E.T. Canbkxosa, HI. Kopa6bnes 
\ a 121, Ne 6 (1958). 10.C. M. TI pokowes, Buoxumua Kaprobe ss, M., 1947. 
Medd. Cytyaos, Yu. 3an. TomcK. yHus., 12, 193 (1949).- 
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Jloxxagm Akagemun nayx CCCP 
1959. Tom 126, Ne 4 


AHATOMH f PACTEHH 


A. M. KPACHUTCKHH 


MUKPOCKONHYECKOE CTPOEHHE JIPEBECHHbI ACEHA 
OBbIKHOBEHHOrO H3 PA3JIM4HbIX YCJIOBHH MPOMSPACTAHHS 


(ITpedcmaeaeno axademuxom Be H. Cyxauesoim 2 ITI 1959) 


JlaHuble O CTPOeHHH ApeBeCHHbl ACCHA HEOMHOKPATHO OCBelllaMcb B IMI 
patype (1-4, 7, °, 1, 12-18). OqHako MMKpocKomMYecKad CTpyKTypa B 3aBHC 
MOCTH OT yCJOBHH Mpou3pacTaHuA OcTaBalacb HeM3y4eHHOU, TaK Kak mpe 
mpuuatyio TlexmMayom (1°) B 9TOM HalpaBJIeHHM MONbITKy Heb3d NPH3Ha 
ymauHon. 

Visyuenue crpoeHHa JpeBecHHbl ACeHA NO THMaM Jleca HaMU MpOu3BOAMO 
B JtyOpasax Oacceitua Cpeguero Jlona. J[a sto Wenu ObINM 3aO%KeHbI Mpc 
HbIe MoulaqW B WyOpaBe Ha TeMHO-CepbIX CyrMHKax (TesmepMaHoBcKHi J 
X03), B AyOpaBe Ha COMOHMeBaTHIX CYIIMHKaX (TaM Ke), B JyOpaBe Ha Med 
(AneKceesckuii slecxo3) H B nOHMeHHOM AyOpase (Hopo-Ycmauckui secxo; 
Jlerom 1955 r. Ha MpOOHbIX MIOWAaLAX OblIO cpyOeHO JeCATh MOJICJIbHBIX J 
pepbes V xkslacca Bo3pacta,! Kmacca pocra, CeMeHHbIX NO MpoHucxoxeHH 
Or6op MOJeIbHBIX JepeBbeB MPOBOMJICA MO MpHHATOH B ApeBeCHHO! 
jeuuuH Metrogquxke (8). Bcero nogpepruyTo ucceqopanuio 52 roquuHbIx cil 
(1886, 1906, 1926 u 1946 rr.) Ha BEIcore 1,3 M or yposHa nous. IloKasate 
KOJIMYCCTBEHHOM XapaKTePpMCTHKH AHATOMUYECKHX JJIEMCHTOB ONpeleAIMCb 
HeraTHBHbIX MHKpodororpaduax MoMmepeyHbIX Cpe30B APeBeCHHbI, H3FrOTOBJE 
HbIX B TpOMHOH moBTopHocTH. TexHHyecKad 4acTb 9TOM paOOTbI BHINOMHE 
B ‘COOTBETCTBHH C PCKOMeHJalMAMM PYKOBOACTB MO aHaTOMHN ApeBecuuyr (1 
THlomyyeHHbId MaCCHBHbIM MaTepHasl OOpaOaTbIBasICA CTaTHCTHYeCKHM MeTOJIC 

Kak BugqHO “3 TaO. 1, aHaTOMM4eCKOe CTPOeHHe APeBeCHHbI OKa3aJOCcb | 
PAY MPW3HaKOB CYULeCTBEHHO Pa3JIMUHbIM B 3aBHCHMOCTH OT THMOB we 
Uucao roqMyHbix cioeB B 1 cM BO3pacTaeT OT HavOouee MpPOM3BOAUTEIbH: 
THNOB Jleca (MOMMeHHaA AyOpaBa, AyOpaBa Ha TeMHO-cepbIX CYrHHKaXx, Wy6} 
Ba Ha MevlaxX) K MeHee MPOH3BORUTeIbHbIM (qyOpaBa Ha COJIOHWeBaTHIX CYT 
Kax). SceHb MOHMeHHOM AyOpaBbl M0 CpaBHeHHIO C ACeHeM HarOpHbIxX Tur 
jleca (4yOpaBa Ha TeMHO-CepbIX CYrIMHKax, JyOpaBa Ha COMOHWeBaTHIX CYTuI 
KaX H yOpaBa Ha Meslax) OTMMUaAeTCH MeCHBIIMM 4MCIOM cocyyoB Ha | h 
UY MOHMKeHHOH CocyZucTOH MOpOsHOCTbO. : 

VMi3MeH4MBOCTb UNCJa COCYOB y ACe€HA MO THMaM seca 4eTKO JeMOHuCTpUp} 
pesyAbTarEt MIpHCHOCcOOUTeIbHOH SBOJIONMH B CTpoeHuu ApeBecuupt. Ipu 31, 
MOHMCHHOMY ACeHIO COOTBETCTBYIOT YepThI FHrpoMopdHoctu, a sACeHIO 43 Hari 
HbIX THMOB Jleca — YepTbl KcepopurHoctu. OcnhoBaHHeM TaKOMY BBIBOLY MO) 
CJIYKUTb KlaccMyecKwe uccileqopanua B. P. SaneuncKoro (°) u B. A. Kea 
pa (°), KOTOpbie MepBbIMA OKa3aJIM, YTO JIMCTbAM KCepouToB cBOLCTBeE 
OObIaA CTeMeHb PasBUTHA BONONPOBOAAMMX NyTel (KuMOK). Takum o6pas3k 
He TOJIbKO JIMCTbA, HO HM ApeBecHHa BNOMHeE MOKET OTPaxKaTb yCOBUA Me 
OOHTAHHA, Pa3IH4HbIe MO cTeneHH YBJaKHeHHA. . 

Y mouMeHHoro ACeHA ApeBecHble BOOKHa paHHel J peBeCHHLI HMeIOT Me 
iuMe JHaMeTPHI WH NpocBerbl, OOJIbILyIO TOMMY cCTeHOK 4H, culeqoBatesby 
MeHbILY!0 MOPOSHOCTh MO CpaBHeHHIO C ACeHeM U3 AyOpaBbl Ha TeMHO-cep 
u%couOHWeBaTbIX CyrIMHKax. B ormuuue OT ACeHA M3 JBYX NMocAeqHUX THI 
jieca OObeM cocyJOB y ACeHA NOMMeHHOM TyOpaBbl cyulecTBeHHO MeHbUIe. 

J\pepecuna ACeHA, BbIPOCIero B AyOpaBe Ha Menax, HMeeT CBO 4eTKO ; 
paxKeHHble OCOOeCHHOCTH, KOTOPbI€ 3aKJIOUAIOTCA B MMHUMAaIbHOL BenuUi 
MPpOCBeTOB [APeBECHBIX BOJOKOH, HanOOJIbUWeH TOJULMHe UX CTeHOK MH MMHMMa 
HOM ‘MOPOSHOCTH APeBECHEIX BOJOKOH. Kpome Toro, y (pepecunsl cocyab 1 
He 3OHbI TOAMUHOTO CJIOA MMeIOT MHHMMAJIbHbIe mpocBernl. 
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TaoOuuna f 
CrpoenHe peBecuHbI ACeHA OObIKHOBeHHOFO 


Kos@dunnextThl JOCTOBepHOCcTH 
cS ote il pasauuua (K) 


'PCMEHTEI CTpoeHus (1) (II) > 
TlyOpasa | lyopasa (III) (IV) =p (iss fel | Geis 
Ha T€MHO- | Ha COJIOH- |Tlofimenuaa| Jiy6pasa | = fe ee (ten ie WT) 
cepbix WeBaTHx | yy6paspa | Ha Mesax | 3 s | SP eee ly tah al = 
Cyr aHHKaXx| CyrmHHKaXx nee ee ee eh yl Sp = 
NO TOAHUHEIX CJIOEB B | 
M 5,9+0,1 7,340,2 4,5+0,1 5,9+0,2} 6,4] 8,0] 0,0 |14,0] 6,0) 6,3 
HeHT nosqHeh fpeBe- ; 
HABI 59,8+0,9} 60,440,9) 63,641,0] 64,1441,1] 0,2] 0,4] 3,1] 2,6] 2,7] 0,3 
| Cocyaul: le 1 : 
MeTp B paHHel ype- 
BecHHe (B LB): 
bag uasbHblli 208,3+3,0] 248,7+6,7| 221,64+5,4| 244,949,8] 1,4] 2,2} 0,1] 0,3] 0,3] 0,6 
TaHreHTaJbublit 161,8+2,3| 174,245,3] 470,14+3,8| 179,745,8} 2,4] 1,9] 2,9] 0,6] 0,7] 1,4 
MeTp B mo3sfHeli ape- 
BeCHHE (B w) 33,2+0,9] 35,54+1,3] 35,24+0,6) 29,241,3| 1,4} 1,8] 2,6] 0,2) 38,4) 4,2 
M o Ha 1 MM2* 11,2+0,38] 10,5+0,4 9,2+0,3 9,9+0,6] 1,2] 4,5) 1,8] 2,7) 0,8) 1,0 
24,34+2,0| 24,542,2| 17,6+0,8] 18,6+2,7] 0,1] 3,4] 1,7] 3,0] 1,7) 0,4 
31,6+1,0} 30,0+0,9] 28,041,0| 29,9+0,9) 1,5] 2,38) 1,3] 4,5] 0,4) 1,5 
Me oy HOPS SO CTs 4,8+0,5 4,0+0,6 2,3+0,1 2,840,5]. 4, 4,7| 2,7] 2,9] 41,5} 0,9 
) 
ia PeBeCcHble BOJIOKHA: 
hMeTp BosOKOH (B yu) * 19,440,2] 19,24+0,2} 18,3+0,2| 17,3+0,2] 0,3] 4,2] 7,0] 3,3] 6,3 3,7 
16,340,1| 16,040,2| 16,5+0,1| 15,5+0,2| 1,2] 1,0] 3,5] 2,3] 4,8) 4,5 
AMerp mpocreros (pp) *| 14,740,2| _14,240,2] 12,7%0,1] 11,9+0,2| 2,4] 8,0|10,0| 5,8] 5,2] 3,2 
. 8,6+0,2 9,2+0,2 9,2+0,1 7,9+0,2| 1,3 PEM n2s Oy) 2a Ol oma meds 
2, 2,5 2,8 200 


MHa CTe€HOK (B tu) * Reo Fail saw AS se ee ee == |e 


‘ 3,9 3,4 3,7 3,8 
ete Dn ee 49,4+0,9] 44,44+1,4] 44,5+0,7] 40,0+0,9] 3,0] 4,4] 7,5] 0,4] 2,6] 3,9 
4 24,8+0,7| 26,240,7] 22,840,6| 20,240,7] 1,2] 2,1] 4,5] 3,5] 5,9) 2,7 


bone TKaHel (B %): 


m BECHbI€ BONOKHA 63,24+1,4| 67,1+41,7}) 70,741,1| 69,7+2,1| 2,0] 5,0] 3,1] 2,2) 4,3] 0,4 
i [bl 20; 0+1 2 17,3+1,0| 42,240,8] 15,640,9} 1,6] 5,1] 2,5) 3,8] 41,8) 2,9 
¢ CHXHMA 16, 8+1, 0 15,641,3] 17,141,1 44,741,7] 0,8] 0,5] 0,8] 1,4] 0,3) 1,2 


| * Hay uepro—s paHHeli ApeBecnHe, nox sepToH —B nosqHeH TpeBecHuHe. 


| Takum o6pa30M, MoxKHO IpHliTH K BHIBOLy O HaHYMH y ACeHA CueLyIOULMXx 


PJIOTHYeCKHX (POPM: ACeHb Ha TEMHO-CepbIxX (HM COJOHMeBAaTHIX *) CyrIHHKaXx, 


SHB Ha Menax H aceHb mofimennui. B 3akslouenne culeyeT OTMeTHTb, 


TAKCOHOMETPHA WeJIOrTO pxAa AHATOMHYUCCKHX JJIEMECHTOB HE mpeTepneBaeT 
€CTBCHHbIX H3MeCHECHHH B 3aBHCHMOCTH OT THMOB weca. K TAKUM TlOKa3aTe= 
OTHOCATCA MpOWeHTHOe COslepxaHHve no3qHeu APeBeCHHbI, WWaMeTp COCy- 

B B paHHel 7peBecHHe, COCYJMCTaA MNOPO3HOCTb H o00beM MapeCHXHMMBI. 
IlepeuncuieHHble IIPWSHAKM ABJIAIOTCA oOlmHMU JIA ACCHAH Pa3sHbIxX Jlecopa- 
UTE JIbHBIX yCJIOBHH. 
| Boponexckuit Toctynusio 
| GlecoTeXHHYCCKHH HHCTHTYT 28 II 1959 
UHMTMPOBAHHAA JIMTEPATYPA 
1C. H. AOpamenko, OnpesenuTenb ApeBeCHHb! riaBHeliMx Mopor CCCP) Jr; 
85. 2B. E. Buxpos, Jimarnocruyeckue MpH3HakH JpeBeCHHbI TaBHeMWIMXx topon 
Ep, M.—JI., 1947. 3 A. ®. Tamepmau,A.A. Huxutuun, Tl. A. Hukxoanae- 
> Onpexenutenb J\PeBeCHHbI 10 MAKPOCKOMHYeCKHM MpH3HaKaM C aJIbOOMOM MuKpootorpapul, 
=J1., 1946. 4M.C. T3utp aH, Tp. Bor. uncr. AH ApmCCP, 7, 105 (1950). ° B.P. 
meucKkuh, Usp. Kuescx. nomtexuuu. uuct., 1 (1904). ® B. A. Keanep, 
Opanupie coumpenus, M., 1951... 7 A.M. Kpacuutrecxkunh, JAH, 119, Ne 2 (1958). 
CT HKJlec 196, M.—JI., 1949. 9% JI. M. Tlepeatiruu, Crpoenne zpesecuunl, M., 
4. 1 H. A. Ouaunnos, Onpexenutenb peBecHbIX Nopoy MO MAKPoCKOMMYeCKHM 
3Hakam, CII6., 1908. A.A. A WS eHKO-XMeNeCBCKH H, OCHOBbI H MeTOIH aHa- 
ktiMueckoro HccleqoBaHusa Apesecunp, M.—JI., 1954. 3H. H. BoBhard, Schweiz. Zs. 
stwesen, Ne 12, 648 (1951). E “Kollma n, Die Esche und ihr Holz, Berlin, 1941, 
H. Pechmann,. Forstwiss. Cbl., H. 9/10, 488ia 1956) ent Ce |S a xB. Gs 
bien meAtHOldupATboOLeLuml iNew loin oi(19s2). 2°... c¢ h.neicd er; Forstlich- 
‘urwissensch. Zeitschrift, H. 10, 11 (1896). 


* JIpepecuna ACeHA M3 AyOpaBbl Ha COMOHWEBATHIX CYIIMHKAX M M3 LyOpaBbl Ha TeMHO- 
bIX CYIIMHKaX CyUeCTBEHHO He pasmHuaeTcA MO MHKPOCKONMYeCKOMy CTPOeHHiO. : 
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Jloxrage Akagemun nayr > CCCP 
1959 Tom 126, Ni 4 


@H3HO JIOLHA PACTEHH 


H. K. BOJIQbIPEB 


3ABHCHMOCTb ME)KAY XUMHMUECKMM COCTABOM JIMCTbEB, 
YPO)KAEM WM KAUECTBOM 3EPHA APOBOM NWIEHAWbI B CBA 
C MPHMEHEHMEM YAOBPEHMN 


(ITp20¢e nasaexo axademuxom A. JI. Kypcanoeoim 7 XII 1958) 


B page paOoT moKa3aHo BaxKHoe 3HaveHHe aHaJlH3a IevIbIX pacTeHHH JJ 
olpeleseHuaA HEOOXOAMMBIX JIA HHX yNOOpeHHH uM AVIA MOCTpOeHHA MpaBHJIbH 
cucTempl ux nmutanua (474). B nocmeqHHe rogbl OblIo OOpallleHoO BHAMAHHe 1 
BaXKHOCTh aHaJIH3a JIMCTbeB, KOTOPble JOCTaTOUHO TOUHO OTPaxkKaloT COCTOAH 
muTanua pacrenuh (° 8, 17-49), OcoOoe BHHMaHHe yjleJIAeTCA yCTAHOBJIeHH 
CBA3H MexKIy XMMMYECKHM COCTABOM JIMCTbeB, C OAHOM CTOPOHHI, HU BeMYMHC 
WM KayeCTBOM ypoxwad — Cc Apyroli. OToT MeToA No3BOHJ yCTaHOBUTb «KPUT 
yeCKHe» YPOBHH MUTaHHA WIA pAa KyJIbTYpHBIX pacTenuii (°, 1’-?*) uw BEIABH’ 
OlpeeseHHYy!O 3aBHCHMOCTb Me@xKAY CofepxkaHHeM a30Ta B JIMCTbAX B KOHI 
WBeTeHHA HM a30TOM 3pemoro sepHa (°~*4, 17, 74), TlocmenHee OOcTOATeNBCT! 
MOSBOMHO MpeIOKUTb MeTON JIMCTOBOH JWarHOCTHKH Ka4ecTBa 3epHa NMeH 
ILbl Gre a2) 

SaBMCHMOCTb BeEJIMYMHbI. ypoxKad MIUeHMWbl OT XHMMYeCKOrO COCTaBa | 
JIMCTbeB elle Cao OCBellleHa B JIMTepaType, B CBA3H C YeM OTCYTCTBYIOT aHHI 
lO «KPHTHYCCKOMY» YPOBHIO NMTaHHA Wiad ApOBOH MWeHuUE (°). OTo 3aTpy 
HAeT HCMOMb3OBaHHe Pe3yJIbTATOB JIMCTOBOTO aHaH3a WIA onpefeneHua 
TpeOHOcTH pacTeHHH B 9/IeMeHTaX MMTAaHHA. 

_. [Mua paspemienua sToro Bonpoca Hamu B 1954—1957 rr. OblmH 3an0%eE 
MIOJIeBbIe WH BereTaMOHHble OMbITb] Ha OObIKHOBEHHOM cCpeyHe-cymecuaHoM 
CYIIMHHMCTOM YepHo3emax *. B ombiraxX MpHMeHAMHCh pa3Hble JO3bl a3O0THbIX 
(bocopHbIxX yoOOpeHul, H3yYaacb JMHaMMKa NMOABYXKHbIX MUTATeIbHBIX B 
WecTB B MOYUBe MH MPOBOMMJICA aHaJIH3 JIMCTbeB B KOHIe uBeTeHuaA (14, 1%), y 
MO3BOJIMJIO YCTAHOBHTb HeCKOJIbKO YPOBHeH NMMTaHHA APOBOM MIMeHUILbI B OTH 
IWeHHH azoTa (**) HM OPHeHTHPOBOUHO HaMeTUTb KKPHTMYeECKMM» YPOBeHb MMT 
HHA MWeHHUbl M0 as0Ty U cocdopy. 

Iloq «KpuTHyecKHM ypOBHeM» ‘NOHMMaeTCA TakKoe MpoleHTHOe cosepxKaH! 
AaHHOrO SIeMeHTAa B JIMCTbAX, BbIle KOTOPOrO HeT HAKakOl MpHOaBKH ypox< 
3epHa WIM MpHOaBKa ObICTpo yMeHbllaeTca JO HYJIA MpH BHeECeHHM STOFO Ju 
MeHTa C MHHepasIbHbIM yAoOpenuem (*’, *°). Kputuueckand KOHILeHTpallua ex! 
B Mpewemax, BbILIe KOTOPbIX NHTAHHe PacTeHHli COOTBeETCTBYIOUIMMU 3JIeEMeHT 
MH MOKHO CYMTATb OOWJIbHBIM MH HHKE KOTOPHIX PaCTeHHA UCMBITHIBAIOT Hey 
cTaTOK B STUX SJleMeHTax (°, ?*). Coto TOUKH 3peHHA MBI M paccMOTPHM pe3yul 
TaTbl HalwMX MOJICBLIX HM BereTallMOHHbIX OMBITOB. 

Kak BugHo us puc. 1, Ha KoTOpoM ‘NoKa3aHa 3aBHCMMOCTb BeMUMHEI y poxké 
8epHa OT COMepKaHua as0Ta“M ocopHok KMCJOTHI B JIMCTbAX MWeHMII, Mf 
AOCTaTOUHOM CHaOKeHUN pacreHu cocopom u KawMeM (NO JaHHBIM aHamnsc 
NOYBbI) TMOBBIWeHHe COepKaHMA a30Ta B JIMCTbAX C YBeMUeHHeM BHECeHI 
a30THOrO yoOpeHHaA compoBoxaeTcA yBenM4eHHeM ypoxKan 3epHa. Mex; 
cofep2KkaHHeM a30Ta B JIMCTbAX HM ypoO%KaeM 3epHa MMeeTCA MOUTH sMHeLH: 


* 
PaOora BLINONHeHa OX pyKoBoycTsoM npop. A. 3. Jlamouna, KOTOPOMY aBTOp BbIpaxka 
cBolo rilyOoKylo GOaromapuocts, 
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|BHCHMOCTb CO CpeAHUM KOS@PMIMeHTOM KOPpeAWMM WIA TpexmeTHuX Bere- 
| WHOHHBIX onbiToB 0,90--0,04. Mcxoya us mpamMomMHeHHOH 3aBMCcuMOCTH ObWIM 
PUACIeHbI KOSPPHUMEHTHI KOPPeIALMH M HalieHbl ypaBHeHUA perpeccun Me- 
JOM HauMeHbIUMX KBaypatos (1°), 
i) Ilocae TOrO Kak COfepxKanHve a30Ta B JHCTbAX JocTuraer 3,0%, mpHOaBKa 
pOKaA' 3epHa MPH MaJbHeWeM yBeIMYeHHH COepKaHUA asoTa B JMCTbAX 
§¢sHauutTembua. Tak, B onpire No | mpu yBenuyeHuu cofepxKaHUuA a30Ta B JIN- 
ibax c 2,15 no 2,71% yBenuyeHue ypoxaxn 3epHa cocrapasno 1,61 r/cocyaz, 
a Kable 0,1% azora, Torya Kak Mocwekyioulee yBeMYeHve a30TAa B JIMCTbAX 


efeocyd _ Honebou onem 
2 One Nt Oneim N2 Ontita NZ 1956 ufea 
4% 95 |0@ 
10 ob 
JO 3 
gy “! Zle 2 
= QO ‘ 
= 35 G0 35%45 20 25% 9 
A) 2 Qo We 1e 0 4a) G0 °o oo 0% 
8 ee Codepxanue asoma 6 nucmbax ———~ ae 4, u/ea 
Wea caleiins i | id Slee ina 
a 


G6 G7 084 05 G6% 04 05 06% 95 96 % 
Codepanue P.O; 6 nuemoax 


Puc. 1. 3apvcuMocTb M@Ky ypoxkaemM 3epHa NUWIEHHIUbI WH ComepxKaHHeM 

a30Ta 4 cboctbopHol KucAOTEI B sMcTbAX. Jlo3b1 N: @ — KOHTpoub, 

6,— 1N, e—2N, e—3N. loss P: a—xontpon, 6 — IP, 
@— 2P, e— 38P 


4 0,1% Nopbilliaso ypoxal multb Ha 0,26 r/cocyy. Bau3Kne K 9TOMY pe3yJIb- 
ITbI ObIIH HAMM MOJyueHbI c MmWeHuuweH copta Jlrrecueuc 62 u Topyendop- 
2 10 ??). B onprre No 3 5B (puc. 1) wauspicumi ypoxal Obl noyyeH MpH co- 
bp2KaHWH a30Ta B AMCTbAX B 3,1%. II[pu moppllieHHOl BlaxKHOCTH NOUBI B 
mibire Ne 2 u Ne 3 A KpuTHuecKHH ypoBeHb NMTAHHA MO a3s0Ty He Obl MocTur- 
yT. B nomesom onpire 1956 r. coepxaHHe a30Ta B JIMCTbAX PpacTeHHH C yJoO- 
PHHBIX JemAHOK oT 2,60—3,05% oG6ecneyuo MomyyeHHe BbICOKOrO ypoxasA 
/spHa Ip xopolwem ero KauyecTBe. CofepxkaHve a30Ta B JIMCTbAX PacTeHHl 
-KOHTposle JOCTHrIO KPpuTHYeCKOrO YpOBHA Mo asoTy, HO cofepxaHHe P,Og 
IO H43KUM. HefoctaToK doccopa (3TO NosTBepAMI WH MOYBeHHBIM aHaJiH3) 
| coueTaHHH C OYeHb XOPOLIMMH YCOBHAMM yBJla2xKHeHHA B NepHos BereTallun 
}peqonpelenu BbICOKy!0 a*pPeKTHBHOCTb cynepdocata B CMeCH C HaBO30M 
NK 8 noBbIMeHHH MpoyKTMBHOCTH pacTeHHH. Kak TojbKO HefocTaToK (oc- 
Opa Oblsl MpeoFOeH, MPOABHIOCb NOMOXRMTeIbHOe eHcTBHe asOTa HaBosa U 
HHHepaJIbHOrO B IOBbILIeHHH ypoxKad sepHa HM ysyUlleHuu ero KayecTBa. ITO 
/DBOPUT O TOM, NTO KPHTHYeCKHH ypOBeHb MMTaHMA pacTeHH UM B OTHOWEeHHH 
B0TA TOJI2KeH OOAZATEIbHO CBASBIBATbCA C ycoBUAMM cocopHorO H, M0-BH- 
; MOMYy, KaIMMHOro mMTaHuA pacteHul (7%, +8). 

| SapucuMocTb BeIMUHHBI ypoxad 3epHa oT cofepxKanua P.O; B ANCTbAX, 
aK Ke KaK WH JWIA a30Ta, MMeeT MOUTH MPAMOJIMHEHHbINM XapakTep JO Tex Nop, 
joka coflepxanue cbocopHol KucnoTHI He Jocruraer 0,52—0,60% (puc. 1). 
[lanbuefiuiee yBemuuenue P,O; B JIHCTbAX MAIO BUMAeT Ha yBelMueHHe 
|poxkad 3epHa. 

IIpu ycraHoBJIeHHH KPHTHUeCKOH KOHIeHTPalMH MMTAaTebHbIX SJIEMCHTOB 
bl, Hapsay c BeIMYHHOH ypoxkaa, MpHHAMaJIM BO BHUMaHHe MU Cofepxanne 
30Ta B 3epHe MMIeHHIIH. 

| MexayHapoyublli cranyapT Ha cofepaxanue OeKa B 3epHe MUIeHMIbI COCTAaB- 
iger 12,5%, uro c yueroM HeGemKOBOrO ag0Ta 3epHa JlaeT BeMUMHY OOWero 
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azoTa 3epHa 2,40%. Jlna monyyeHux 


3epHa C CoJlepxKaHHeM a30Ta B 2,407 
(coorsercrByrouuim MexjyHapofuomy cTaHfapTy Ha coflep2kaHHe OeslKa B 3ep 


He milenntbt B 12,5%) HeoOxofuMo, YTOOBI B JIMCThAX mie HAL! B (pa3y pete 
Hue — 3aslomkeHne natouku (11, 1?, 4), comep2KaslOcb OKO 2,60 % asora (puc. 2 


STo — HHKHAA rpaHulla pxAa KpuTHyecKOn KOHICHTpallun, JIOCTH2KEHHE KO- 


Topoli LWA YCIOBUA BIAKHBIX WET 06 


So 
Ls) 


S 


Asom 3epHa ——= 
& 


S 


S 


2b. BS Bb 92. 86. GU 


Azom aucmoeG ———> 


Puc. 2. 3aBHcHMOCTb MexKy cosepxKaHHeM a3o- 
Ta B sepHe (y) H B MCTbAX (x) MWeHHUBI (B Mpo- 
WeHTax Ha aOCOMIOTHO Cyxoe BelleCcTBO). y = 
= 0,85« + 0,27. E = + 0,20; R= 0,93-L0,01. 


ecreuHBaer Xopolliee CHaOxeHMe pacTeHHs 


a30ToM. BepxHaAs rpaHulla pxfla KpH- 
THYeCKOM KOHIUeHTpalun MO as0ory, 
cormacHo Hawum (14) u mHTepaTyp- 
HbIM JaHHpio (2°, 2°, 2°), Moxer ObITB 
mpopefeHa Ha ypoBHe 3,0—3,1%.— 

TakuM o0pa30M, KPHTH4eCKOMY 
YpoBHIO a30THOrO Hu dociopHoro MH- 
TaHHA APOBOM MUeHHIbI COOTBET- 
CTBYeT COJep2KaHHe B JIMCTbAX B (a: 
3y IlBpeTeHve —3aJIOwKeHHe MATOUKH 
2,60—3,0% asz0ra u 0,52—0,60% 
P,O;. Taka KOHIWeHTpalluaA MMTAa- 
TCJIbHbIX BeIL€CTB B JIMCTbAX OOecTie- 
YMBaeT IPH Mpounx Ow aronpHATHBIX 
YCIOBHAX BO3JeIbIBAHHA KYJIbTYPBI 
NOJYYeHHe BLICOKOFO ypoxwaA 3epHa 
(25—35 u/ra) mp XopolleM ero Kaye- 
cTBe. IIpu cofep2kaHHH a30Ta B JIH- 
cTbax oT 2,3 No 2,6% Mp HOpMaJIb- 


a — 1954 r., 6— 1955 r., e— 1956 r., 2e— 


aaa HOM cCOjlepxKaHHH ocopHoH KAC- 


JIOTbI MOXKHO NO YUaTb BLICOKHE ypo- 
Kau 3epHa (puc. 1), HO C HH3KHM 
MpOWeHTOM a30Ta B HeM (puc. 2), T. €. STOMY YPOBHIO MHTAaHHA pacTeHHL Co- 
OTBeETCTBYeT CKPbITaA HeEXBATKaA a30Ta, HM <«romosaHue KayecTBa». IlosTomMy 
TIpH Coep%KaHHu a30Ta B JIMCTbAX HuxKe 2,60% u BUaxX Ha CpeLHH UJIM BBICO: 
KH ypoxal 3epHa IIpHMeHeHHe a30THOM NOAKOPMKH B IBeTeHve AIA ysyuille- 
HHA KaveCTBa 3epHa MWeHHIbI ABJIAeTCA HeOOxoguMpM (4), A3soTHad MOJKOpM- 
Ka B 9TOT NepHO 3HauHTebHO MOBbINAeT O€MKOBOCTL 3epHa MMeHuUb! (7°), 4TE 
BbITeKaeT HM 3 JaHHbIX HalIMX ONbITOB (Tab. 1). 


TaOauna ft 


Buusnne mosque nogkopmKu NH4NOs (0,9%-% pacrBop) Ha KauecTBO 3epHa NMWeHHIE 
JltoTtecuenc 62. Onsir 41957 r. 


AsoT sepHa, % 


A30T 
BapwaHTH OUbITOB Dei ie ne aeke pa, 
r/cocyyx of : MporHos daxTuy. % 
NeoPs0K100 (KOHTpowb) 4,92 2,35 Dg Palh Dee 13:08 
To xe -+ Ngo — BHeKOpHeBax 6e3 u30- ; 
JAHN MOUBBEI 5,0 — — 3), 38) 18,18 
To xe + Ngo — BHeEKOpHeBad Cc H30N5- . é 
wel NOUBEI 5,50 — a 3,20 47,398 
To xe + Ngo — Kopnesas 5,29 is ue 3,80 20,86 


IIpumeuanue. Muyexcht npw cumBpomax asemMeHTOB O603HaUAaIOT Wo3y MUTaTeIbHBI 
BelleCTB B MHJMMFpamMMax Ha 1 Kr aOcomoTHO cyxof NouBH. IIpornos agora 3epHa TIpoBe 


AeH mo ypaBHenuio y=0,85x+0,27, rae x—mnpoueHtHoe cojepxKaHue ag0Ta B JHCThSX 1 
(a3y IBeTeHHe — 3aIOKeHHE MATOUKM, Y — a30T 3epHa. 


Coyep»kauue a30Ta B IucTbax or 1,5 no 2,30% uan coornomenne N : P20; < 
<3,5 rOoBOpHT O CHJIbHOM HeZOCTaTOUHOCTH ero Ha JaHHOlt NOUBe HU YacTO coBMa 
WaeT C BM3yaJIbHbIMM NpH3HakaMM HefoOcTaTKa a30Ta B pacTeHuax. B 9TH) 
YCOBHAX HeOOXOAMMOCTh B aSOTHOM NOLKOPMKe B NepHod UBeTeHUA OTHAMaerT 
ocoOeHHO IPH BUaX Ha HU8KHH yporxali sepHa. OrspipuuBocts pacteHuli He 
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MMMCHEHHE a30Ta B OCHOBHOM YOOpeHuH JIA JaHHOTO CyYan ABACTCA OUEHb 
OKOH, 4TO OTMeYaOcb MH B padote JIyHneropya (38). 

Takum o6pa30M, spoBas MIleHuila He HYKaeTcA B agoTe, eCIM COsepxKa- 
He €FO B JIMCTbAX B KOHWe WBeTeHuA cocTaBsaeT 2,6—3,0% unu N : P2O;>5. 
OBA MIMeHHIa He HyKlaetca B ocdope, ecu comepxKannve P2O, B NHCThAX 
TaBsseT 0,52—0,60% unu N : P2xO;<5,1. 

|, BoSMO2%KHOCTbh HCNOJIb30BaHHA JaHHbIX JIMCTOBOFO aHaslu3a JIA ycTaHoOBuJe- 
iA HY2K]AeMOCTH PacTeHHli B a3zoTe u Cocdope Gbiwia NOATBeEpxK Tena B MOJIEBbIX 
bITaX, IIPOBeJeHHEIX B coBxo3e «OHTa» MockasieHcKoro paiiona OmcKoi 
actu B 1957 r. (cM. Ta6a. 2). Xumuueckuli aHaIH3 JIMCTbeB B 3STOM OMBbITE 


TPaownm a 2 


BuMAHHe MHHepasbHEIk yoOpenuli Ha ypoikali u cozepxaHue a30Ta™ uv 
dbocopHOH KHCAOTHI B THCTbAX NmweHuoE Musbtypym 993 


Cozepkanne B JIMCTbAX B KOHIE IBeETeHHA, 
% Ha aOc. cyX. BellecTBO Ypoxatt 


BapuauTpl OMbITa 
sepHa, t/ra: 


asoT P.O; N:P20; 
KoHTpOJIb 3,70 0,41 Dll 23,3+0,10 
Neo Syd 0,40 9,3 23 ,5-40,52 
Pas 3,83 0,45 8,6 28 ,0-+0,76 
NegoPas 3,95 0,47 8,4 27 , 9-40 ,80 
- NeoPas 3,93 0,48 One 27, 7-40, 56 


)Kasail OUCHb BEICOKYIO OOecNeYeHHOCTh PacTeHHH a30TOM HM UX CHJIbHYIO: 
‘KTaeMOcTb B tochope, YTO NOATBepAMIOCb M WaHHbIMM ypoxKaA 3epHa. Ha 
(CIIOJIOMKEHHEIX PAJOM C 3THM OMbITOM MOJIAX MUIEHHUbI OTHOWIeHHe N : Pe2Os. 
. IMCTbAX OKa3alOCcb elle Ooslee BLICOKHM, YTO MO3BONHO CleaTb BbIBOL O 
JIbHOH HYyKJaeMocTH pacTeHuli B (ocdope Ha STHX MOMAX WH HEOOXOMMOCTH 
)HOBHOTO BHeCeHHA CocopHbIX yHOOpeHuH NOM KyJIbTYPbI Ha CJIeLYIOWHH Pos.. 
_ Takum o6pa30M, MeTO], aHaJIH3a JIMCTbeEB MO3BOJIA€T HCHOMb3O0BaTb JaHHble 
(2K aeMOCTH pacTeHHH B yAOOPeHHAX He TOJIbKO Nocle CHATHA ypoxwKan, HO U 
Wo], BSATHA NpoOb pacTenuk (Ta6n. 1). Ha ocHoBaHHu OOulero aHadH3a JIMCTb- 
B (basy UBeTeHHE — 3aJIOXKeHHE NATOUKH MOMHO elaTb JOCTATOUHO TOUHHIM. 
porHios KauecTBa 3e€pHa MMIeHHIIbI, Oosee AuddepeHUMpoBaHHO MOLXOUTh K. 
)DHMeHEHHIO NO3HeH a30THOH MOJKOPMKH HW K OCHOBHOMY BHeCeHHIO a30THBIX. 
| focopHprx yoOpenul B Nocdesyroulme rogyl. 


Mocrynuso 
2 VIII 1958 


WHTHPOBAHHAA JIMTEPATYPA 


| 23.U. Kyp6uuKkuu, Ousvon. pact., 2, B. 2, 167 (1955). ? 3.H. Kypoun- 
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Jloxsagm Afvanemuu nayk CCCP 
1959. Tom 126, N> 4 


Oe i athe. 


SH3HOJOLHA PACTEHHI 


B. JI. BATKOBCKMM 


‘BJIMAHUME MOHWKEHHOM A NOBbILJEHHOM TEMMNEPATYPbI 
B OCEHHE-3MMHEE BPEMA HA COCTOAHHE MOYEK YEPHOM 
CMOPOJHHbI 


(IIpedcmaseaeno axademuxom A. JI. Kypcanoeom 14 I] 1959) 


‘B cBa3v C H3y4eHHeM CTaMHMHOrO pa3BHTHA MOveK Y MIOAOBbIX KYJIbTY] 
JI. VW. Ceprees (#) -yeranoBuul, YTo pu MoBbLIUeHHOM (qo 15—20°) Temnepatypr 
B 34MHee BpeMsA (B KOMHATHBIX YCJIOBHAX) Y pacTeHHM MepcukKa, CJIMBbI, Yepelll 
HH, aOpukKoca, AOMOHH, rpyuim, rMOpuga abu uv nepcuKa Jlapufa uM Ap. Ha 
cTynaer JlereHepalluaA «BeTOUHBIX» noueK. OHako, TOBOpA O ereHnepallMl 
MOueK, ABTOP pacCMaTPHBaeT BCe MOPOAbI BMeCTe HM OCHOBbIBAeT CBOH BbIBOJE 
JIMlb Ha (bakTax MocTeMeHHOrO OTMMpaHHA yacTelt paHee CPopMMpoBaBLIMXCs 
B TOM WIM UHOM cremeHu GyTOHOB. Tako oOuMi UW B TO Ke BPeMA Y3KHM MOAXO) 
K paCCMaTpvHBaeMOMY BOMpocy MpHBOAUT K He BMOMHe MpaBUJIbHOMY MpecTaB 
-I€HHIO O (PaKTHYeCKOM Pa3BUTHM «IUBeTOUHBIX» NOYUeK Y Pa3JIM4HbIX MIOJOBBI 
KYJIbTYPp B 3HMHee BPeMA MPH NOBbILUeHHOM TeMMepaType, TaK Kak STH KYJIbTY 
‘Pbl HMeIOT Pa3Hble THNMbI MoveK. B yacTHOCTH, TaKoe NpeACTaBJIeHHe MOXKeT CHO 
‘COOCTBOBaTb (POPMHPOBaHH!O HEBeEPHBIX B3IIAJOB Ha BOMPOCbI OMOJOrHH UBeT 
KOBO-JIMCTO-POCTOBbIX MOWeK, HMEIONIHXCA Y CEMCUKOBHIX MWIOMOBbIX, KYCTapHU 
-KOBBIX ATOMHbIX H*psfla APeBeCHbIX KYJIbTYP. ; 

B cBa3H Cc 3aTpOHYTHIM BompocoM Hamu B 1956—1957 rr. Ha IlonapHow onpiT 
‘How cranuuu BMP (cr. XuOunbl, MypManckol O61.) Obl MpoBeeHbl CnelHaJIb 
HbIe HCCeOBaHHA NO BLIACHEHHIO XOJa pa3sBHTHA MOYeK y YepHOH CMOPOAHHE 
TIpH MOHW2KeHHOH UM MOBBbIWIGHHOM TeMMepaType B TeYeHHe OCeHHe-3HMHer« 
BPeMeHH. eee cA ea 

B cepequue™maa 1956 r., B nepHon HaGyxaHuA MoveK, ABYXseTHHe pacTeHUs 
Tleyopckoro o6pasia epponelickoh cdbopMbl uepHo cMopogxuny (7) Opin moca 
OKEHbI TIO OJHOMY B MATb Je€PpeBAHHbIX ALWMKOB pa3Mepom 50 X 50 X 50 cm 
3a BereTalMOHHblii NepHod pacTeHud OOpasoBalu BHOMHE YLOBIETBOPUTe/IbHBIE 
IPHpocT, HMeJIM XOPOWIMH BHeLWHHH BU MW ObWIH MOUTH OAMHAKOBbIMM MO cTe 
MI€HH pasBUTHA KycToB. B KOHIe HIOJA B WBeETKOBO-JIMCTO-pOCcTOBbIX MOUKAa} 
pacTeHHl Hayaach Mudpepenunalua AX KOHYCOB HapacTaHHa, a 3aTeM MH 0 
cllelyrollee pasBuTHe uacTeH OyTOHOB. 

4 IX, 4 X, 9 24 XI mo ogHomy amuKy c pacrenuamu OpnIO MepeHeceHc 
B KOMHATHbIe yCIOBUA (COOTBeETCTBeHHO 1-f, 2-fi, 3-H u 4-H BapMaHTHI ombiTa) 
PacTeHut HaXOMMJINCb B‘TOMellleHHH Jo’ MIoHA — mona 1957 r. Yxom 3a pacte 
HHAMM 3aKJOUaJICA B CHCTeMaTHYecKoM (ofuH pa3B 10 gHel) nomuBe UX BODO! 
H Me€pHORMYeCKOM PbIXJICHHH MOBePXHOCTH MOUBE. 

Ilarbii sujuK c pacTeHveM Obl OCTaBJIeEH B Ka¥eCTBe KOHTPOJbHOFO B ecTe 
CTBCHHBIX YCJIOBUAX. 

Pa3HOBPeMeCHHBIM BHECCHHEM ALLMKOB C PaCTeHHAMH B KOMHATHBIe YCOBHS 
MpecieqoBalacb Web BbIACHUTb, KaKOBO OyJleT BAMAHMe MOBbIIMeHHOH Temmle 
paTypbl B OCeHHe-3MMHee ‘BpeMA Ha COCTOAHHe NoyeK, B 3aBUCHMOCTH OT TIPO 
AOJUKUTEIBHOCTH MpeMWecTByIOUlero BOSTeHCTBUA Ha HUX e€CTECTBCHHBIX YCJO 
BUH Cpebl OCeHHero mMepuosa. 
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| B nomemenun pacrenua B TeyeHMe Bcero nMepHofa uccAeqoBaHMi Haxou- 
iMcb B YCIOBHAX CpeHecyTOUHOH TemMMepatypbl Bo3sqyxa B 15—20°, c penku- 
(M@ TOHWKeHHAMH ee Jo 10—12°. B ecrecTBeHHbIX yCOBHAX CpeHAA TeMmepa- 
pa Bo3fqyxa 3a MepBylo Aekaydy ceHTAOpA Oniia paBua 4,6°, 3a Bropyt 7,3°, 
A TpeTbio 2,4°. B oxra6pe coorsercrsenuo: 0,1; 1,4 1 —4,3°. Haunnas c ce- 
JMHbI TpeTbeH ekalbl OKTAOPA cpekHecyTouHaA TeMMepaTypa Bo3sLyxa Obiia 


[ [Ft bapa | BE Uepaanin | FE pc | Bapucn [Rong 
\ / \ \ 


Puc. 1. Coctosuue rexepaTHBHO-BereTaTHBHbIX MOUeK YePHOH CMOPOAHMHbI B 3a- 
BUCHMOCTH OT MpOAOMKUTeMbHOCTH BAMAHHA Ha HHX MOHMKeHHOH H NOBBILLEeH- 
HOH TemilepaTypbl B OCeHHe-3HMHee BpPeMA (OObACHCHHA B TeKCTE) 


| Haunnaa c 4 1X, c uytepBasiom B 1—1,5 mec., Ham MpoCMaTpHBaIHCb Hox 
/akpocKoriom (80 X, 6e3 MpesBapuTesbHOH (buKcallMH) Nposobuble cpe3snr 8—10 
SBeCTKOBO-JIMCTO-POCTOBEIX MOYeK, B3ATHIX C TOMMYHDIX MPHPOCTOB pacTeHUl 
HaxKIOrO BapHaHTa (BCero OblIO MpocmMoTpeHo OKONO 300 nouex). PesysbTaTl 
WUX MCCeOBaHHH MpescTaBeHb! Ha puc. 
|| Haz oco6OeHHOCTAMHM NOBeJeHUA JIMCTO-POCTOBbIX NOYeK IIPOBOAMJIHCh mpe- 
\MYLLeCTBeEHHO BH3YasIbHble HaOsOLeHus. 
IlBeTKOBO-AUCTO-pocTOBHe (reHepaTHBHO-Bere 
‘aTwBHbIe) mouKu. [lpm mpocmorpe MpooubHbIX Cpe30B STUX MOYeK 
IX crenenb pa3BuTusa uacTei OyTOHOB, BTOPHYHbIX KOHyCcoB HapacTaHHa (°) 
|| 1X IIPHMOpHaIbHbIX JIMCTOUKOB BO BCeX BapHaHTax Oba NPHMepHo OAMHAa- 
soBoH (6yTOHEI Haxoquuucb B IV case cBoero pasBuTua (*)). K 4 X creneHb 
a3BUTHA OyTOHOB JocTurna V da3pi. IIpu stom He HaOiOMalocb 3aMeTHOrO 
‘BUSyaIbHO) Ppa3IM4NA M@KAY BHYTPpeHHUM CTpoeHHeM NoveK NO BapHaHTaM 
mira. IIpeOnrpanue pacrenua |-ro BapvaHTa B TeyeHHe 1 Mec. B KOMHATHBIX 
JIOBUAX He IPpHBeO HU K YCKOPeHH1O, HH K 3aMeTHOMY 3aMe/VIeHMIO Mpolecca 
(bbepenwuaiuu uacteH GyTOHOB H pocTa BTOPHYHbIX KOHYCOB HapacTaHHA. 
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CopeplleHHO WHad KapTHHa HaOsofanacb 10 XI. Hecmorps ua To, ¥TO ol 
crenue 2-ro BapHaHTa HaXOMWOCb B KOMHATHBIX YCJIOBMAX JIMWb 37 HEH, B TO 
BpeM# Kak pacTenue l-ro BapnanTa — yxe 67 AHeH, B NouKax ero MPOM3OuNIa 
CHJIbHaA JlereHepalua OyToHoB. CreneHb yCTOMYMBOCTH MOCNeAHAX K MOBBILIeH= 
Holt TeMMepaType OKasa/lacb 3HaUUTe/IbHO Govlee HUBKO, YeM y pacTeHua 1-TO 
BapHantTa (y MocsleqHero TOuJbKO elle HacTyNusla JereHepallHA MbWIbHUKOB). 
BropwuHble KOHYCbI HapacTaHusA WH UX MPHMOPAMaJbHbIe JMCTOUKH B OOOMX. 
BapHaHTaxX He UMeJIM HUKAaKMX Mpu3HakKoB JlereHepaluu. B crpoeHuu nouvek. 
pacteHult OCTabHbIX BapHaHTOB 34Me€THbIX H3SMeHeHHH He HaOsI0{aJOcb. 

Tlonuaa jlerenepaltua Bcex OyTOHOB B HouKax pacTenusx |-ro BapMaHTa. 
HacTynuia amb K 30 XII. Bropwunpie KoHycbl HapacTaHHA NpososwKalH. 
OCTaBaTbCA GOJIeAHO-3eICHbIMM, XOTA Haxoquucb yxe 118 AHel B KOMHATHBIX. 
yeiopuax. B noukax pacreHuad 2-ro BapHaHTa H3MeHeHMH He HaOvOJasOcb. 
ByToubl B moukax pactTenuit 3-ro u 4-ro BapHaHTOB, HaXOAMIMxXcA yxe 52 Ho. 
37 Hel B KOMHAaTHbIX YCJIOBHAX, B OTIMUMe OT pacTeHHA 2-roO BapHaHTa, OKa~ 
3aIMCb Ooee YCTOMUMBbIMA K MOBbIMICHHOM TemMeparype. 

IIpu npocmorpe cpesos nouexk 4 II 1957 r., y pacrenult 3-ro u 4-ro BapHaH- 
TOB ObWwila 3a—pHKCHPpOBaHa JlereHepalluA BoOspacTHO Oovlee CTapbIX OYTOHOB. 
(ipuMepHo nocie 70—80 qHelt mpeOLIBaHHA B KOMHATHBIX ycoBuAX). Bropuu- 
HbIe KOHYCbI HapacTaHHA HW UX MPHMOP/MaJIbHbIe JIMCTOUKM B MOUKaX pacTeHUl. 
BC€X BapHaHTOB HaXOJHJIMCb B XOPOIWeM COCKOAHHH. 

K 23 III y pacrenua 2-ro BapwaHta HacTynusia NMoHaA THOeIb BCeX du1e- 
MCHTOB reHepaTHBHO-BereTaTHBHbIX NoveK. B noukax pacTeHua l-ro BapHaHtTa. 
Hayalacb JlereHepallua MpMMOpAMaJIbHbIX sJHCTOUKOB. HacTynusia mouiHaA e- 
reHepallua OyTOHOB B MouKax pacTeHua 3-ro BapHaHTa (npoOniBmero 144 2H. 
B KOMHATHbIX YCJIOBHAX). Y pacTeHusa 4-ro BapHaHTa B NOUKAaX ellie He 3aKOH- 
yWlaCb NOHaA MereHepallua Bcex OyToHOB (127 Hel B KOMHATHBIX YCJIOBHAX).. 

B anpeje B reHepaTHBHO-BereTaTHBHbIX MOuKax pacTeHua |-ro BapMaHTa 
MOcTeneHHO HavaJid JereHepHPOBaTb BTOPHUHbIe KOHYCbI HapacTaHunv. B mae 
Takad %Ke KapTHHa HaOsOJalacb B MoUKaX pacTeHHi 3-ro u 4-ro BapHaHTOB. 

Y KOHTPOJIbHOrO pacTeHHA B TeYeHHe 3MMHEFO Nepvosa B NOUKAX 3aMeTHBIX. 
HM3MeHeHHH He HaOwJiofaocb. Bereralua y pacTeHua Hayanacb 6 V 1957 r. 
(<JIONHYJIH» MOUKH). 

CrelopaTelbHO, Hayao JereHepalluu uacTeli OyTOHOB B reHepaTHBHO-Bere- 
TATHBHbIX NOUKaX PaCTeHHH YepHOH CMOPOJHHbI HacTyMasO MpHMepHO yepes 
65—85 Hel, a MoJIHad UX JereHepalua uepes 100—140 yHeH nocme nomeute- 
HHA pacTeHHM B OCeHHe-3HMHee BPeMA B YCOBHA NOBbIWeHHOH (m0 15—20°) 
TeMllepaTypbl. OHako Opicrpee BCero STOT Mpolecc HaTyMaeT y pacTeHui, no- 
MeII[CHHBIX B JAHHBIC YCOBUA B Ooulee paHHee OCeHHee BPeMA, KOFJla cpemHecy- 
TOUHAH TeMMepaTypa BOSyxXa B eCTECTBCHHBIX YCJIOBHAX He OMYycTuJacb elle 
HWKe Hyd. Smecb, MO-BHAMMOMY, CyllecTByeT ONpeseeHHb KpuTHuecKnit 
MOMEHT, KOra OYTOHbI HaxXOMATCA B COCTOAHHH HavMeHbilel ycToluMBocTu 
K NOBbILIeHHOH TeMlepaType (HalpuMep, NOHad rHOeb OyTOHOB B TeueHHe 
37 [HeH BO 2-M BapMautTe). 

Hecmotpa Ha NoJIHy!0 NereHepaltui0 OyTOHOB, NOUKN ellle IpHMepHO B Teue- 
Hue 3—4 Mec. COXpaHAJIH CBOIO %KU3HECMOCOOHOCTE, OlarolapA HaJIMUMIO B HUX 
BTOPHUHBIX KOHYCOB HapactaHua. KusHecnocoOHOCTb MocseqHuX COXpaHAeTcA 
B YCJIOBHAX MNOBbILeHHOK TeMMepaTypbl OPHeHTHPOBOUHO B TeyeHHe 150— 
200 Her. 

JincTo-pocToBbhe (BereTaTHUBHHe) NOUKH. 3rech cue- 
hyeT pa3iM4uaTb BepXyWeyHble (TePMHHAIbHbIC) NOUKH TOMMUYHEIX mMoGeros, 
OOKOBbIe MOUKM HMXKHel (CTaquHHO Oomee MoO) YacTH KycTa M Tak Ha3bl 
Baemble Ciiallve NouKkH. Bee OHM, Kak MpaBHJlo, He HMeIOT TeHepaTHBHBIX Op- 
PaHOB. 

TepMuHaJbHbIe MOUKM TOAMIHEIX NOGeroB y pactenusa |-ro BapHaHta B mIpo- 
MoJKeHHe BCero Nepvoa npoBeyenua onbita (10 mec.) Tak MH He TPOHYJICE 
B_poct. Y pacrenua 2-ro BapWaHTa BBIABYxKeHHe JIMCTHeB HacTyMHIO vepes 
95 WHeli Mocwe 8aHeCeHHA ero B MoMemleHHe, a y 3-ro n 4-ro BapHaHTon — yepes 
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O que. OfHako Mu y pacrenua 4-ro Bapuanta, mpoOniBuero Gomee 80 AHeH 
yCJOBHAX NOHHKeEHHOM TeMMepaTypbl, BLIPOCHM HOBbIe MoGeruv MposomKeHHA 
mo 12 cm AuMHOu). MbI cunTaeM, 4TO TOKO HasMuNe pocta moOeroB yKa3bIBaeT 
(a MpOxo*wKeHve KOHYCOM HapacTaHHA BereTaTHBHOH MOUKM CTaquM MOHMKeH- 
oH TemMmepatypbl. PacttyckaHue 2Ke TObKO JIMCTbeB He MOXKET CLYKUTb B TOM 
THOIUEHHH KPHTepHeM. Ororo, K COXKaJIeHuIO, He YYMTHIBAIM B CBOHX MCCelo- 
sAHMAX MPOMOMRKUTEIbHOCTH MepHoa APOBM3allNM BereTaTHBHBIX Mouex JI. VU. 
Ceprees, I. K. Batikos u K. A. Cepreesa (°), uTo cHM»KaeT WeHHOCTb MpoBe- 
(eHHOM HMM padorTHl. 
Y OOKOBEIX MO“eK HWKHeH YACTH KYyCTa BbIABMXKeHHe MUCTbeB HacTyMaso 
3 1-M um 2-M BapwanTax Yepes 190—210 AHed nocme NoMeleHuA pacTeHul B KOM- 
aTHble ycoBHA. Y pacTeHua 3-ro BapHaHTa 9Ta (asa pasBUuTUA HadwOMalacb 
Hepes 50 WHeli. Bpijpu2keHuve JIMCTbeB M3 «CIAUMX» MOYeK MO JaHHbIM BapHaH- 
fam cCooTBeTcTBeHHO HacTymuMso yepes 230, 225 u 55 He. Y pactTeHua 4-ro 
}Bapwauta pasBepTbiBaHHA JIMCTbeEB H3 MOAOOHbIX NoOYeK He HaGJOMasocb, Mo- 
}s4uMoMy, H3-3a BererallHH BepxXylWleyHbIX MoueK. Pocta moGeroB HU B OJHOM 
M3 BapHaHTOB He HaOulOJalocb. Pa3BepHyBLIIMecA JIMCTbaA MOCTeMeHHO 3acox- 
MH, a MOUKH nMoruoun. 
| CileqopateibHo, WeHTPaJIbHble KOHYCbI HapacTaHHA BereTaTHBHbIX MoueK, 
}irak 2Ke KaK M BTOPHUHbIC KOHYCbI HapacTaHHA TeHepaTMBHO-BereTaTHBHBIX MO- 
4eK, HYKaloTCA B BO3JeHCTBHH Ha HHX B OCe€HHe-3HMHee BPeMA MOHHM2KEHHbIX 
emilepatyp. B ycnopuax MypMmauckol o62. nepHox 3Toro Bo3syelcTBHA WIA 
€PMHHAJIbHbIX MOUCK PaCTeHHH YepHOH CMOPOAMHBI COCTaBAeT, MO-BHAHMOMY, 
ide MeHee 80 Hel, a [JIA TeHepaTHBHO-BereTaTHBHbIX, a TaK2%Ke OOKOBbIX MOUeK 
HHXKHeH 4YaCTH KYCTa MH «CNAUMX» —OH eile Oosee MposomKUTEeNeH. 
|| CaenyeT OTMeTHTb, 4TO B TeX CJIY4UaAX, KOFa MbI Cpe3aslH HeEKOTOpbIe TOAH4- 
jp Hipic mo6erH JIA IlmpocMoTpa cpe30B MoyveK, OCTaBUIMecH Ha «meHeuKkax» | —2 
TeHepaTHBHO-BereTaTHBHble MOYKH HaYHHa/M BereTHpoBaTh. Ho 2To Ha6u0,a- 
WIOCb TOJIbKO B 3-M HM 4-M BapHaHTax oMbiTa. Y pacTeHHH pasBopauHBaJHCb 
MCTbA, BLIABUTaIucb (MpaBda, ca6o) SyTOHbI, HacTyMalo WBeTeHHe, a Tak2xKe 


| 
WBbipactano mo 1—2 moGera 43 BTOPHUHIX KOHYCOB HapacTaHuad. ITO CBUMeTeIb- 
CTBYeT O TOM, UTO XHPypruyeckoe BMellaTeIbCTBO, Mocle TOO Kak pacTeHHA 
JOBOIbHO MpooKUTeIbHOe (mpHMepHo 70—80 Hei) BpemMaA No,Beprasucb 
elicTBHIO MOHVM2KeHHBIX TeMIepaTyp, CMocoOcTByeT BbIBeeCHHIO TeHepaTHBHO- 
|) ackeepeae moueK H3 COCTOAHHA WCTHHHOTO TOKO. 

Hamu ycraHopseHo (myTeM packonku B “1oHe—nHtoJe 1957 r.), TO BO BCeX 
BapWaHTax KOPHeBad CHCTeMa, BHJHMO, B TeyeHve BCero MepHoa MpoBpeleHuA 
(OMbITAa MpoOfOxKasla pacTH, a MouKu (MpH KaxKOM MpocmoTpe) Bcerfa ObLIN 
oOecHeYeHbI Baro, a CIeOBaTeIbHO, HM MMTATeIbHbIMM BellleCTBaMH. 


TlomapHad OMbITHad cTaHUHA Tloctymuao 
Bcecoro3Horo HMHCTHTYTa pacTeHHeBOACTBa j13 II 1959 
cT. XHOMHEI 


IMTHPOBAHHAS JIATEPATYPA 


1JI. YW. Ceprees, Brtocaupocts pactenni, M., 1953. %B. JI. Burt- 
| «oBpcKH A, Cag u oropog, Ne 6 (1958). *B. J. Butxkospekunh, JAH, 119, Neo 1 
| (1958). 4B. J. BurkoscxKu i, Tp. no mpuKa. Oor., rener. u cenexiun, 30, B. 3 (1957). 
1° JL MW. Ceprees,l. K. Batxos, K. A. Cepreesa, JAH, 116, Ne 3 (1957). 
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Jloxnaann Arxayemuu nayx CCCP 
1959. Tom 126, Ni 4 


PH3HOJIOTHA PACTEHHH 


lt. H. FYMAJIO 


BJIAAHHE PA3JIAUHbIX CIOCOBOB NPEANOCANXO4UHOrO 
MPOPAUIMBAHHA KJIYBHEHM HA XOJ| OHTOTEHESA A YPO)KAN 
KAPTO®EJIA 


(ITpedcmaeaeno axademuxom A. J]. Kypcancesim 14 II 1959) 


B ony61MKoBaHHOM paHee coo6uleHuu (*) HaMH OblWwIO MOKasaHo crelluduye- 
ckoe 3HaueHHe KOpHeH AIA pocTa noGeroB KapTodeiA mpH npopacTawun KIyO- 
Heli, a TakxKe ObIJIM MPHBeeHbI JaHHble OO yYCKOPeHHH Pa3sBHTHA pacTeHHli MpH. 
MpopalluBaHHu KIyOHeH BO BUaxKHOH cpese, MOATBep*KMalollMe pesysbTAaTbh 
paOoTt Apyrux apTopos (*, °). 

IIpu pasHpix cnoco6ax mpesnmocayounoro npopalluBaHua KyOHeM MposAB- 
JiAeTCA JlelicrBue pada cbaKTOPOB, OKa3bIBaIOWIMX BJIMAHHE Ha XO] OHTOTeHe3a' 
uM ypoxan. IIpexcraBsaer CylWeCTBeHHbIM MHTepeC BbIWICHHTb H M3Y4HTb Jev- 
CTBHE OTJCJIbHbIX (PAKTOPOB, C TEM YTOOLI MPH MpakTHYeCKOM MpoBeseHuN mpel- 
MocaqOuHOH MOATOTOBKH KWyOHel OCYWIeECTBUTb C MHHHMaJIbHbIMM 3aTpaTaMu 
Tpya H CpeMcTB COBMeCTHOe JelicTBHe PAJla NOMOMKUTEMbLHLIX (PaKTOPOB, ycTpa- 
HAA eHCTBHe OTPHWAaTeJIbHBIX. 

C sto Werbio Hamu B 1957 r. Obit MpoBeseH onbiT c copTom Ilonecckum pau- 
HMM MO CylefqyrouleH cxeme: 1) KOHTpoulb — xpaHeHve KiyOHeH B NosBane Jo: 
HA Nocalku; 2) npopaljMBanue KyOHeH Ha cBeTy B TeyeHHe 31 AHA; 3) Mpo- 
palluuBanue KJyOHeH Ha cBeTy B TeyeHHe 21 JHA U BO BUaKHbIX OMMMKAX C O6- 
pasoBaHvem KopHet — 10 yHel; 4) mpopaljMBaHne B TeMHOTe B TeyeHHe 31 AHA 
6e3 OOpa30BaHHA KOpHel. 

OnpitT Obl NoBTopeH B 1958 Tr. c JONOMHHTeEIBHBIMH BapHaHTamu (oceHHee 
o3eyieHeHve KlyOHeH — BapHaHTHl 5 u 6), a TakxKe C BKJIIOUeHMEM ellie OLHOTO: 
copta (IIpuexybcKHi panHuk). Pe3ybtTaTel ObWwIH MosyueHbI BHOMHe aHaJo- 
ruuuple. Hu2Ke usaratorca Januble ombira 1957 r. M JONOMHHTeIbHbIX BapvaH- 
TOB onbita 1958 r. no ofHOMY copTy. 

25 HII us karata c 91MTHBIM’ KapTodesem copta Tomecckuit pannnii (cease, 
Ne 328) Opin oTOOpaHbl OMMHAKOBbIe NO pa3sMepy KJyOuu, Becom no 100—120 r, 
B koslMuectBe 600 miTyk, M pa3feueHbl Ha YeTLIPe MapTHH, KOTOpHIe 3aTeM OBI 
MOCTaBJIEHbI B PaSHble YCJIOBHA B COOTBETCTBHH CO CXeMOH oMbita. 

IIpopauimpanwe Ha CBeTyY MpOBOJuNOcb B Na6opaTopHH Np Temnepatype 
15—18°. 3necb xe NpousBOAMIM HW JONOMHUTeMbHOe NpopallMBaHve BO BaxK- 
HBIX ONMJIKaX, a Takx%ke MpopalliMBanve B TeMHOTe (B 3aKPBITHIX ALIMKaX 6e3 
Joctyna cBera). B pesyvibTraTe OTHOCHTebHOM CyxOcTH BosLyxa B Na6opaTopuu 
KOPHM MpH MpopalliMBaHHH B TeMHOTe, KaK M Ha CBeTY, He (bOpMUpoBaUcD, 
a OOPas0Ba/IHCb TOJbKO STHOMMPOBaHHble pocTKH AwMHOIO 12—18 cm. Koxr- 
TPOJbHbIC KYOHH XPaHHJIMCb B MpoOXxaqHOM MosBase c TemMmepatypol 3—5°, 
re Tla3kKH OCTaBaJIHCb HeENPOPpocuiMMH JO JHA MocanKu. 

Sakllayka KilyOHelt BO BulaxKHbIe ONWIKU CemaHa 15 IV, a BplcaqKa Bcex 
KyOueH mpovsBezena 26 1V. Oui Bu KyOueli’ nepen nocanKo mpescraB- 
JleH Ha pwc. 1. Uacth kiyOneli Obiia UcnOMb30BaHa AWA U3yyeHHA Mopdosorn- 
YeCKHX M A@HATOMHYECKHX OCOOeHHOCTeH CBeTOBbIX HM TEMHOBBIX POCTKOB, a 
100 K1yOHel Kaxxjoro BapvaHTa OblmM BbICaKeHbI Ha yyacTKe ¢ JocTaTOUHO 
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OKHM HM BbIPABHEHHBIM YPOBHeM Twlogoposua moun. Ilocaqka npousBenena: 
| KayOnto B rHesqo, c nlomaqbio nutaHua 50 x 50 cM, Ha rayOuny, 12 cm. 
| Mepke). Yxo 3a pacTeHHAMM Obi OOBIMHbI: pbIXeHHe NOUBBI, ylaienne 
HAKOB, OKy4HBaHHe. IlomkopMKH He MIpHMeHAJINC. pag: 
TlonyyeHHble JaHHble 10 anaTOMMYeCKUM HaOsIOJeHUAM, a Tak2Ke NO, ypo- 
tO, NOABeEPrHyTbl cTaTHcTHYeCKOH OOpaboTkKe. IloKasaTrenu cCYyULeCTBeHHOCTH. 
JMYMK Mexy BapHaHTaMM OKasaIucb BHOMHe HafexuHbIMU (>8). 


Pue. 1. Kay6uu nepey nocagkoli: / — KouTpomb; 2 — npopo- 
IeHHBIM Ha cBeTy; 3 — To xKe-> 10 Heli BO BAaKHbIX ONMI- 
kKax; 4 — MpopoueHHblli B TeMHOTe 


| Ilpezpaputembuoe npopamuBanue KiyOneli Ha cBeTy yBesMUMBaeT KOuNUe-- 
#80 COJIM2KCHHDIX MEXKJOY3IHH y OCHOBaHHA noOera (puc. 2). OHaKO 4HCIO. 
(OJIOHOB He COBMaaeT C YHCJIOM NOJ3EMHBIX Y3JIOB B paSHbIX BapHaHTaX OIIbI- 
|: OOPas0BaHHe CTOJIOHOB OOYCJIOBICHO HE TOJbKO HaJIHYHeM MOJ3EMHbIX 
WIOB, HO HM Apyrumu dbaKTopamu. Y CBeTOBbIX POCTKOB H MOJIYYCHHBIX H3 HHX. 
OeH cocyucTad CHCTeMa Oblla pa3BuTa Jlyullle, YeM Y TEMHOBbIX H KOH-- 
(OLA. 

_[janupie denouiormyeckux HaOsmiofeHHH uM y4eT ypoxkaadt mpHBeleHbi: 
ita6n. 1 nu 2, 


Ta6auna 1 
Jjanupe devHouoruueckux HaOmopzeHuh 


| Haua.to Maccosple Hauaso Maccozoe Hayao 
| Bapuanr NOABeHHA ee 3 ra OTMMpaHHa 
BCXOOB* BCXOZBI UBeTeHUA WBeTeHHe Goran 
’Kontpoxp 16.V 20 V 18 VI 24 VI 25VII 
Ilpopamupanne Ha CBe- 
ry 13,V 20 V 13 VI ° 24 VI 15VII 
To xe -+ onnaKH Ly AY 13 V 9 VI 12 VI 1 VII 
[IIpopamjuBaHue B TeM- 
OTE 5 V 13 V 9 VI 12 VI 41 Vil 
} Cocroauue ua 13 VI 
qucmo 3aua- CoctosHue 60TBbI 
Bapuant ' | cp. Bblcora cee TOUH. Kwy6- | wHcNO Kny6- Ha 1 VIII 
1] pacrenua, om| jvero™ Heli Ha Hefi'c d>3 cm 
2 KYCTOB 1 cTe6eub 
ry 
|) Kontpons 39,1 230 6+0,17 0: Senenaa 
)Tipopaujusanue Ha cBe- 
y 84,6 44,0 6+0,35 2,0+0,20 Nosyotmepmaa 
To xe + onusnKku 48,2 70,1 1140,93 4,3+0,33 Cyxaa 
| Tipopauyupanne B TeM- 
oTe 49,4 Ps eriiel’ 9+0,84 4,340,72. Cyxaa 


* 10%. ** 50%. 
8 95- 


Tao6auna 2 


CpaBpHeHve ypoxkaa KayOuel lo BapHaHTaM oMbita 


Ypoxat ua 4 VII 


Bapuaut rua 
KYCT ura 
1. Koutpoab 368 +45 147 
2. IIpopautuBanue Ha CBeTY 400+22 160 
8. To xe+BaxKHbIe ONMIKA 625+10 250 
4, TIpopaujuBaHHe B TEMHOTE 618+30 247 


% 


100 

109,0 
170,0 
168 ,0 


Ypomati ua 1 VIII 


r Ha 


KYCT u/ra 


2 


980 +33 392 


817+ 26 326,8 83,3 
1003-429 4014,2 102,5 
1073445 429,2 109,5 


IIpu nocagke B no¥Be ObWIO Maso BularH, M Mocde nocaqku B TeseHue I: 
mueli He Obiio Jowell. Tlostomy moaBjeHHe BCXOJOB 3afep2Kaslocb, OCOOeHH 
y KslyOuei, MpopouleHHbIX Ha CBeTY, KOTOPble B pe3yJIbTaTe MeCAYHOTO MPO 
palluBaHHA B KOMHaTe 3aMeTHO [nofBalH. KwjyOHH, B3ATbIeE 3 NoBasa 


/ 


Puc. 2. Bauauue npopauiupanua KayOHeH Ha CBeTy Ha 
(bopMupoBanve HUKHeH yacTH cTeOmA. J — no6er, ciop- 
MUpoOBaBUIMicA B TemHoTe; // — mo6er, copMupoBaBldi- 
ca Ha cBety; //] — ToT xe no6er Nocae mocaqKH B TMoU- 


By. 1—8 — nopayoK y3n0B 


3a 9TO BpeMA MpOrpeJHc | 
TlOUBe H aIH MaCCOBbIe BCXO 
{bl OMHOBPpeMeHHO C Mpopo 
I€HHbIMH Ha CBeTYy, a Hi 
13 VI yaxke oOorHaJH UX 1 
poctTe, XOTA HM OTCTaBaIM I 
UBeTeHHIO H OOpa30BaHHk 
KJIyOHeH. 

PacTeHust BapHaHTOB 3 | 
4 10 MOABJICHHIO BCXOJOB 
I[BeTEHHIO, KIT yOHEOOpasoBa 
HHI0 HM OTMHpaHH1o OOTBI 
UWI BlepeH OCTAaJIbHbIX Ba 
PHaHTOB, Maio OTMHUaAC! 
Upyr oT Apyra. 

Halu COBpeMeHHbIe 3Ha 
HHA O CPH3HOJIOrHH pocta } 
pa3sBHTHA pacTeHHH alo 
OCHOBaHHe BHJeTb B 9TOM 
BO-II@pBbIX, BJIHAHHeE paH 
Hero (POpMHpOBaHHA KOPHel 


pu AOMOMHHTENbHOM MpopaulMBaHHu B OMMIKaX, YTO YCKOPAeT TeMIbI POcT 
M pasBuTHA (*) 4, BO-BTOpPbIX,— BJIMAHHe 3aTeEMHeHHA, Kak (cpoTomepvosuye 
CKOH HHAYKIMH, Tak KaK H3BECTHO, YTO KOPOTKHH JeHb WIM BPeMeHHOe 3a 


TeMHeHHe yCKopseT OOpasoBaHue KJ yOuel 
(°-") M 4YTO KOpoTKHM eHb ycKopser Tak- 
2%Ke HM TeHepaTHBHOe PaSBUTHE KYJbTYPHbIX 
COpToB KapTodena (°). 

ConocraBuleHve ypoxasd Mo BapvaHTam 
ombira (Ta6m. 2) NoKa3bIBaeT, YTO BapHaH- 
Tht 3 4 4 fanu wa 1 VII ypoxaiiHa 70— 
68% BbIllle, YeEM KOHTPOJIb U3 MoyBana, u 
Ha 61—59% spile, YeM MIpn npopamuBa- 
HMM (APOBUSAalMH) TOMbKO Ha cBery. Ha 
1 VIII orm BapwanTel Janu ypoxait Bbuue 
MpOTHB KOHTpoma Ha 2—9% ww npoTuB 
BapHauta 2 —ua 19—27%,. 


Ta6auna 3 


OrnouteHve Beca KayOHel K Becy 
6oTBH mpu mpo6uHol konke 1 VII 


Ornomenne 

Beca Kmy6He 
BapuaurTpl K Becy 
60TBBI 
1. Kontpomp 0,609 
2. IIpopaujupanue Ha CBeTYy 0,754 
3. To xe + onunkH 1,039 
4, TipopaujuBanue B TeMHOTE 1,084 


CHwKeHue ypoxKad B Bapvante 2"Ko HIO OKOHYATeIbHOi yOopkKH Mo cpap 
HeHMIO C KOHTPO/IeM OOYCOBCHO COXUBUIMMECA MeTeoposorMuecKHMH ycue 
BHAMM Toa (MaJIO OCaKOB B WIOHe) HM BHOMHe 3aKOHOMepHO. 


Sac Y2KUBalOT BHHMAHHA Tak>Ke 


7aHHbIeE O COOTHOWICHHH Beca KIyOHeH | 


OoTBbI Ha | VII (ra6a. 3). Haw6onee pricokoe OTHOWeHHe Bea KyOHeH K Bec 
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(BbI B BapHaHTe 4 NoLTBepxAaeT OoMbUWIOe BHAHHE PoTOMepHomMYeCKOl HH- 
KUMM Ha TeMIIbl KJlyOHeOOpasoBaHusA y KapTodesa. 

IIpusegenupie B Ta. 4 pesymbrarbi onbira 1958 r. c oceHHUM o3eeHeHHeM 
One no Innuny (°) nmoKaspiBator, 4TO O3eeHeHHe KyOHell camo m0 cee 
IACTCH CYICCTBEHHBIM (aKTOPOM, YCKOPAIOWIUM pasBUTMe pacTeHHii M TOBBI- 
kioulMM ypoxal. Ilo-BsuquMomy, 2TO cBA3aHO C yuaCTHeM XJOpOTWMAaCTOB B 
olleccaxX BTOPHYHOrO OOMeHa BellecTB (7°, 11), a TakxKe B OOpa30BaHHH MMH 
HMYJIATOPOB pocTa IIpu 3aTeMHe- 
it (*”). Bo3MoxKHO, 4TO MpH oceH- 
M O8@JICHeCHHH KyOHelt uMeet Banaue ocenHero oseleHeHHs KulyOHer 
hueHHe TakKKe (bororepuosnue- bs 3 Ha ypowat copta Tlonecckui paHHuu 

eas MHLYKUMA KOPOTKHM jlHeM. Oxonuatemp- 


Ta6Omuua 4 


2 Ypoxatt carrey 
Takum o6pa3om, Wid nomyye- na VU Wa he ia 
PpaHHHX yporxaeB KapTodesA Bapuaut 
'bMa I€PCNeCKTHBHbIM IpHeMOM Fate eT? pedals % 
| KYCT 0 KYyCT 0 
MIAETCA COUeTAHHe MpopalliuBa- 
KIyOHEH Ha CBeTy C Jomon- , Kontpoan 220412; 100 | 247+4,5| 400 


IeIbHbBIM [poOpalll[MBaHHeM BO 2. Mpopammsanne na | 242411] 1410 | 267495] 409 
HOKHOM Cpefle, MPHYeM BECeEHHEE 5, Osetenenue ocenwio*,| 260-14] 418 | 29546,3| 120 
pallluBaHHe Ha CBeTY MOXKeT 6. To xe + onusKku 3806+27| 139 352+4,0| 143 
b B H3BeCTHOH Mepe 3aMeHeEHO 
*HHHM O3@JICHeHHeM KJyOHeEH. §$5—— 
4 JWIMTeEIbHOM TMpopalliuBanHun * BsaATbl 43 MoOsBala BecHOH. 

'yOHeH Ha CBeTY BeCHOIO MOxXKeT 

A3aTbCA OTPUMAaTeJIbHOe BJIMAHHE NOABALAHMA KyOHeH. SHaTHbIN KapTobese- 
Wt Mapra XyfomMiu, npoBolaA Takoe MpopalllnBaHHe B Mowe, BCera cerKa 
WAKpbIBaeT KJIYOHH B/laxKHOK COJOMOH. ECM yBeIH4HTb TOMUIMHY yKpbITHA 
HHOUb (c 6 yac. Beyepa Jo 8 Yac. yTpa), TO OyeT NoMyUeHO Takxe OarOnpHAT- 
oTonepnosnyeckoe BOseHCTBHe Ha MpopactaioujMe KNYOHH (KOpOTKHH 
ib). 


KUTOMUpCKHH TocrymHuio 
|| C@IbCKOXO3AMCTBCHHBIM MHCTHTYT 13 II 1959 
| 


UWMTHMPOBAHHAA JIATEPATYPA 


le 0. WM. Ly nano, A.M. Jue pax, JAH 1025 Nov, 1738 (1955) 1 ASA Slo iKia- 
|p a3, Botpamjapanue paHHero KapTodenx, M., 1952, 3B. WU. OQaenbmtTe ku, Opo- 
g@onctso, M., 1953. *@®.9. Pettmepc, Bor. xypu., 42, Ne 10, 1465 (1957). ®& M. X. 
| max au, Motonepnogusm pacrenuu, M., 1956. ® H. G. Grosch, Zs. f. Acker, 
Pflanzenbau, 101, Ne 3 (1956). 7O. Steineck, Bodenkultur, 9, H. 3, 263 (1957). 
4. T. Moxkpouocos, K du3vonorun kay6HeoOpa30BaHHA y KapTodena, AsToped. 
licepramuu, Cpepaviopck, 1955. ® H. B. IWuunun, las. «IIpapgay or 14 cenr. 1957 r. 
|. «Ceapekoe xosaiicrsoy of 19 cenr. 1957 r. 1° BLT. Anexcaugpos, Anatomus pa- 
Buit, 1954, crp. 43. 1 E, P. Tw66euerT, Pactennue wu xaopopuit, M., 1951. 
M.H. Mouceesa, JAH, 49, Ne 9, 706 (1945). 
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Jlonnxann AkageMunH HaykK CCCP 
1959. Tom 126, N 4 


300/1IOl HK 


r. Ff. ABPHKOCOB 


O POJOBbIX NOAPASHEJIEHUAX MOKPbITOPOTBIX 
(PHYLACTOLAEMATA) TIPECHOBOJHbIX MIMAHOK 


(ITpedemaeneno axademuxom E. H. Ilaeaceckum 5 II 1959) 


OcHoBHas Macca, IpuMepHo 75%, MpeCHOBOAHbIX MUNaHOK OTHOCHTCA K I 
KppitopoTbim (Phylactolaemata) —rpynme uucTo mpecHOBO,HOK, cPopMyy 
BaBIUIeHCA H IBOJIIOMMOHUPyIOuUleH HMCHHO B IIpecHbIxX Bomax. 

Bonpoc 0 cucTeMe BHYTPH STOM FpyMMbl elle OUCH HEACeH, B YaCTHOCTH | 
JlOBbIe MospasqeteHuaA HeompeleseHHbl —TOUHOTO KPHTepHA WIA Bbiesen 
poop Her. 

B pa3Hoe Bpema Obio omucaHO 13 poyoB, HeKOTOpble H3 HHX OBICTPO CTé 
CHHOHHMaMH, JApyrve Mo-pa3HOMY TPaKTYIOTCA pa3JIMUHbIMA aBTOpaMH. 

Kakue Ke NpH3HaKM MOXKHO MOJIOKUTb B OCHOBY XapaKTepHCTHKU po 
@MopMa KOJIOHHH HM B KOeM CJIyuae He MOXKET ObITb TAKHM MPH3HAaKOM, TAK 
OHa OUCHb 3aBUCHT OT TeX YCJIOBHU, B KOTOPbIX Pa3BHBaeTCA HW 2KHBeT aHH 
opraHu3mM. Tak xe oOcTOHT eso U Cc PopMo TpyOoueK, COCTABJIAIOWIUX KO. 
HM1IO, XapaKTepOM Hapy2KHOH OOoOUKH UW T. 1. EQUHCTBEHHBIM XOPOLIMM 1 
3HaKOM HaO CUHTATH, NO-MOeMY, CTpoeHve cTaTOOAaCTOB — 3THX cyry6o aq 
THBHBIX OOpas0BaHHH MpeCHOBOAHbIX MIJaHOK. 

Pomxuk (°) mpeqiowxuna crelyroliee mospasqemenve STHX oO6pas0BaH 
(bloToOacThl (MiaBaroulve) H ceccoOlacTbI (mpukpenseHubie). B nepBot rp 
me OHA BbIeAeT COOCTBEHHO (hOTOOMACTh!, HMeIOUWe TOMbKO AY¥eHCTOe TI 
BaTeJIbHOe KOJIbILO, H CMHHOONACTbI, CHAOXKeHHbIe, KPpOMe TOFO, pa3JIH4HE 
mpHlaTkaMu — kprououkamu u up. Jtio Bya-Patimon-Mapxyc (?) fo6aB 
y STOMY AeuleHHI0 elle OJHY Tpynny — nalnToOmacThl, BbINeIAA B Hee cTs 
OacTbl, He HMeIOU[Me MWiaBaTeIbHOTO KOJIbia, HO CBOOOLHO JexKalllue B TE 
KaX KOJIOHHH. 

Ilpuxpensenuble craroOlacrai (cecco6sacTbl) OVeHb 3aBUCAT OT (POPMBI 1 
OoueK, B KOTOPBIX OHM 3aKkpelJIeHbl, H MOSTOMY OHM He MMeIOT XapaKkTep 
(bopMbI; KpoMe TOTO, OHM BCTPeyaloTCA JaleKO He y BCEX MPeCHOBOHBIX M 
HOK. 

CpBoOofHble cTaToOsacThl (malinto6acret, (aoTobacThl HW cmHHOGac 
HaoOopoT, MMeIOT BCerya OYeHb XapakTepHylo dopmy u crpoeHue (puc. — 
MOrYT ObITb NOJOX%KeHEI, KaK y2Ke TOBOPHJIOCb, B OCHOBY pofoBoro jee 
MOKPbITOPOTBIX MINAaHOK. 

B cBa3H C 3THM MIPHXOJMTCA MepecMOTPeTb POMOBY!O MpHHaLWeExKHOCTS 

KOTOPbIX (POpM, Mpexye Beero —ofHoro Bua, OnNcaHHOrO u3 IOxxHolt At 
ku (). Buy sToT umeer Kpaliuve XapakTepHble cnuHoGsacTEI (puc. 1,6). G@ 
(*) oTHecia STOT BUA K poxy Lophopus, Kpsneaun (*) u Xacruure (3) — x 
Lophopodella. 4! cunrato Hy2KHbIM BEIeIUTb 9TOT BU nO CTpoeHhi0 CNHHO 
cToB B oco6pii pox Lophopusella gen. n. Tun poga — L. capenensis (So 
1908). 
; Ilepecmorperb npuxogutca taKxe poy Stolella, Bujenenupli Quveny, 
(*) no Matepuanam us Mufquu wu oOnapyxKenubii 3sarem B Bpaguauu (°) wt 
BepHol Amepuxe (°). ®oro6sactTh sToro «poyla> BHOMHe CXOLHBI C TaKO! 
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Puc. 1, Cxema 9BOMIOUMOHHOrO pasBuTuA cTaToOacToB [MOKPbITOPOTEIX 
minanox. J — naiinto6mactet: 7 — pox Fredericella; JJ — moro6nacrw: 
2 — pox Plumatella, 3 — poy Lophopus, 4 — pox Stephanella (no Oxa), 
5 —p. Australella (6—HeckobKo cOoky, a — B MomepeHoM pa3pese); 
III — cnuno6nactet: 6 — pox Lophopusella (no Conmac), 7 — Lopho- 
podella (no Boperman), 8 — Pectinatella (no Bopr), 9 — Cristatella, 
10 — Gelatinella (a —c 6ptomHoli cropoxbl, 6 — cOoxy (mo Topuymy)) 
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pona Plumatella. Baugy sToro 4 He Mory CHHTAaTb Po CaMOCTOATCADHBIM, @ 
OTHOLIY ero Kak Mogpog K poxy Plumatella. 9ro nosTBepaaeTcA MB OTHOMIC: 
HMM JpyruX MpH3HaKoB. 

Jlia GoubuleH ACHOCTH pa3{eeHHA MOKPBITOPOTHIX MIMAHOK Ha Poa 0 CBO- 
OOMHbIM CTaTOOMacTaM IIpHBOXKyY CeAyIOulylo OMpekesUTeIbHYIO TaOJIHLy. 


4. CraTro6mact bl 6e3 IapaTebHorO KOubua (MainToGwactEI) (pyc. 1,/).... 

OR i ee Fin a ee 

0. Crato6OmacTbl C WaBaTebHBIM KOJIbIIOM . «se e+ 6 ee ee ee et es 4 

2. OnoTobmacrTyl : 

0. CouHo6sactbl Re Se Rema } 

3. TlnapatesbHOoe KOMbILO PachoMOKeHO B OMHOW IJIOCKOCTH ive) ebthe. Poue ees 

0. TimapatebHOe KOMbYO H30rHyTOe HU OOpasyeT BOKpyr Kallcysbl MoZoOue 4a- 
meuku (puc. 1,5) Me 5 Sh ee oe Pog Australella 

4. Mnoro61actbl BLITAHYTHI 10 KoHIam (pwc. 1,3)... . . . . Pox Lophopus | 

OQ. Onoro6macth He BLITAHYTHI MO KOHIaM es Se eee eer, « ig i fofaiGe H's 0° «0 3 

5. ®opma dioro6macToR mpaBusAbHO oKpyraan (puc. 1, 4) PEPE ie ar fs 0 
PN asics Aah way i hee. 8Y ch! Guroy0- (oo Fo . Pog Stephanella | 

0. Popma oTobacToR OBabHat, COOTHOWEHMe AMMHbI M WMpHHbI pasM4HOe | 
(puc. 1,2)... .. . Pog Plumatella c nogpogamn Hyalinella, Afrindella 
en ee ae SC 8 8 oe Oe bo .u Stolella 

6. Ilpuxpenutembublii almapaT pacnomoxwKeH B cepequHe KallcyJbl C OpioWHok 
cToponn (puc. 1,10)... ... QaReween fs o rd ere ee One reletiere bi 

0. IIpukpemutembHbI ammapaT Apyroro cTpoeHwA ....--. +... +++ ees 7 

7. [lpukpenutembHbli anmapaT B BUAe KPIOUOUKOB, paCNOJIOMKeHHIX Ha AMHHBIX 
lipHatKaxX MO KOHWaMciMHO Onacros (pvc. 1,6) . . . 6 3.) pe. 2 
Feri eel rer ater a A Site ce Anise 6: Lovie . Pog Lophopusella gen. n. 

QO. IIpukpenutembubl anmapaT Apyroro pofa ...... é 


8. Ipukpenutempupit anmapaT B BUe KPlOUOUKOB, PaCHOJOAReHHEIX Ha OCOOBIX 
BBIPOCTaX MO YCeueHHbIM KOHIaM MwlaBaTebHOTO KOJIbia CnMHOOMACTOB 
(PUC.457,) Oates uae ae ae te . Pox Lophopodella 

O. Ilpuxpenutembubti amnapaT B BHe KPiONOUKOB, PpacnOJOMKeHHbIX NO BCeH 
OKPYSKHOCTH! CHMHOOUACTOB «x. JRsmeemL- meine) foe Pe et Ooi caro) to ee 

9. KpiououkH orxogsiT OT naBaTenbHOro Kombiia (puc. 1,8). . . Pog Pectinatella 

0. Kproyouku oTxogaT oT Kanicympt (puc. 1,9) .... =... . Pog Cristatella 


Cte 


OBOJIOUMOHHOe YCIOMKHEHHE CTaTOOMACTOB MpelcTaBIAeTCA HaM B CJIeLYIO- 
uleM BHyle (puc. 1). 

BesyculoBHO, HaHOoslee NPHMHMTHBHBIMH ABIAIOTCA NalintToGsmacrpi (puc. 1,7), 
oOecieunBalollNe COXpaHeHHe BUA MPH HacTyMWIeHHH HeONAarOMpHATHBIX yCJO- 
BUH, HO He ero pacceyleHve. CylelyloleH cCTYNeHbIO B 2BOJIOIMH CTaTO- 
OacTOB OblWIO OOpas0BaHHe WlaBaTeJIbHOrO KOJbia (moToOacrpl), MpL 
MOMOWM KOTOPOrO OHH MOFyT IWlaBaTb B TOJMLLe BOLI H TAKUM OOpa3so0m oGecre 
YMBaTb paccelleHue Bua (//). Crpoenue duloTo6macToB MoxeT ObITh pa3sJIM4: 
Hoe. HanOoulee Tunuunbie onH y poga Plumatella, y Koroporo nmaBaTeibHO 
KOJIbILO MpOCTO OXBaTbIBaeT Oo/lee HJIH MeHee PaBHOMepHO Kalcysy. Pox Lo 
phopus mpeycrapiser coOoH HeKoTOpoe yculox%KHeHHe STOO THMa 3a0cTpeHHel 
(loTOOacTOB MO KOHMWAaM, YTO MOXHO PpaccCMaTPUBATh Kak MepBbili War K TOABME 
HWIO MPHKPeNHTebHbIX OOpasoBaHHMH. HeckosbKO OCOOHAKOM CTOUT po, 
Stephanella, y Koroporo xapakTepHad fa pogfop Plumatella u Lophopu 
OBaIbHaA WIM yWIMHeHHaA (bopMa dloTOOMacTOB H3MeHHacb B OKPYFJyHO 
HecKoJlbKO B ApyroM HallpaBeHHH W3MeHHIMCb :loTOOMacTH y poga Austra 
lella, y KoTOporo coxpaHMJiacb oBasbHad cbopMa MX, HO OHM cTalH BbIITYKJIO 
BOTHYTHIMH. 

Janbueliinee U3MeHeHHe (oTObacToRB — oOpasoBanue MpHKpenuTesbHBL 
oOpasoBaHuii — KplououKoR, T. e. Mepexok K CHMHOGMacTam (III). Sto, 6esyc 
JIOBHO, OYCHb MporpeccHBHoe usMeHeHue. JelicTBYTeMbHO, pH MOMOLIM 9TH 
KPIOYOUKOB CMMHOOMACTHI MOrYT MPMKpeIATECA K pa3IMYHbIM TWwiaBatorlM 
mpedMeTaM WU axe K JPyrHM 2KMBOTHbIM, HalpHMep K HOraM HM MepbAM NTHE 
M MpH HX MOMOMM paccemATHCA. 

OOpaz0BaHie TaKUX MPHKPeNUTeIbHBIX OOpasoBaHHit wwU0, 110-BUHMOMy 
AByMa myTamu. Ileppii, ocHoBHo nytb —9To CieLyIOWMH px poyos: Le 
phopusella, y koroporo uMetoutveca yxe y Lophopus 3aOCTPeHHA NpeppaTusUuc 
B JVIMHHbIe MpHAaTKH Cc Kpioyoukamu; Lophopodella, y Koroporo muorouncuer 
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ible Me@JIKHe KPIOYOUKH OOpasoBaJINCb Ha YCeYeCHHbIX KOHIax [WlaBaTesIbHOrO 
HOuIb ia; Pectinatella, y kKoToporo Oomee KPyMHble KpIOYOUKH pacMouaraiwrca 
uke MO BCeli OKPYXHOCTH MWiaBaTeIbHOrO KOVJIblla, HU, HakoHeu, Cristatella, 
KOTOPOrO KPIO¥“OUKH PaCOJORKeHbI TORE NO Bceli OKPYXHOCTH, HO OTXOLAT 
fe or MWaBaTeJIbHOTO KOJIblla, a OT CAMOH KalCyJIbl, UTO WesaeT HX MeHee JIOM- 
(MMH, KPOMe TOrO, OHH Oosee MHOPOUMCJICHHEI. 
Bropoit NYTb MpekcTaBAeT TOMbKO pox Gelatinella, y koroporo mpuKpe- 
‘MTCJIbHBIM alapaT OOpasoBaJicA He NO KOHIWaM HIM NO OKPY2KHOCTH, a Ha 
 pIOWHOH cTOpoHe Kalicybl. Tako amnapat, ecrecrBeHHo, MeHee acpieKTuBeH, 
pH ero MOMOMM CNMHOONAaCT MOXKEeT TOMbKO Kak Obl BTbIKATbCA B CYyOcTpar. 
aKHe CIMHOOMAaCTbI MOXHKHO CBA3aTb Cc cAoTOOMacTamu poga Australella c ux 
apaKTepHOM BOPHYTOCTHIO MWlaBaTeJIbHOTO KOJIbIla HU BbINYKOCTbIO KalcyJIbl. 
JlaHHaA SBOUIOWMOHHAaA CXeMa POJOB MOKPHITOPOTHIX MIMaHOK MO cTraToOvIa- 
iTaM BHOMHe CorlacyeTcaA HC APyrHMu WpH3sHakaMu (cTpoeHHe KOJOHUH, CTpoe- 
[Me OTACIbHBIX OCOOeH H Ap.), YTO HOMTBepxKaeT MPpaBMJIbHOCTb Halllero B3TVIA- 
4 —CUHTATh CTpoeHHe CBOOOJHBIX cTaTOO/aCTOB OCHOBHbIM TIPpH3HaKOM pu 
,LILEICHHH POXOB MOKPbITOPOTbIX MIMAaHOK. 


Mockosckuit rocyJapcTBeHHbIli yHUBepcHuTeT Tloctynusto 
mM. M. B. JlomMonocosa 29 1 1959 
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300JIOTHA 


. B. HAYMOB 


BUAOBbIE PA3JIMYUKA NOJIMMOMAHOrO NOKOJIEHHA 
KOPOHOMEJLY3 


(IIpedcmaeneno axademuxom E. Hy [aeacecxum 26 II 1959) 


Ileppaa HaxogKa momuna Coronata ornocutca K 1839 r., mpwuem oOHapy- 
*KEHHBIM CIMONOHN Obl MPHHAT 3a OMHOUHOFO THApousa u HasBaH Tubu- 
laria rugosa ('). Bnocaeycrsun AmbMaH (°), Takxe Halle NomMMa KOpo- 
HaT, Ha3Bam ero Stephanoscyphus mirabilis u orHec k ocoGomy otpsfy Theco- 
medusae kacca Hydrozoa. Tperu pa3 noun KopouaT Oni onucan Ulyapue 
mo, HasBaHvem Spongicola fistularis, mpHuemM aBTOop paBMJIbHO onpesemus 
9TO 2KHBOTHOR Kak cilu@uctomy (°). [leppoe mpeqnouowenve O NpHHaiexXHOCTH 
yKa3aHHbIX OpranusMoB K Coronata 6pio BpickasaHo M1. VW. Meunuxospim (%). 
Vs3yyaa pasBpuTne au Mexy3p Nausithoe, oH NOY MOJOLYy!0 CLMUCTOMY, 
Olarofapa uemMy OblWuIO ycTaHOBJIeHO HaJiMune MeTareHe3a y KOPOHAT, K 
KOTOpbIM oTHOcHTCcA Nausithoe. JLo sToro CuHTaOCb, YTO KH3HEHHBIM WK KOPo- 
HaT M[poTeKaeT 6e3 YepeloBaHuA MOKOJeHHH. 

MeuHHKOB OTMETHJI, YTO BbIBeEeCHHaA MM CIUMHCTOMAa BCJeICTBHe HaHUnA 
y Hee} KYTHKYJAPHOH OOOOUKH, NpHOIMKaeTCA K CBOeCOOPa3HbIM CyIeCcTBaM, 
onmucaHHbim Kak Stephanoscyphus u Spongicola. HecxombKo panee A. O. Ko- 
BaJleBCKHH (°) Make HaGodam cTpoOuiawuro Spongicola, ofHako OH He MpHBen 
CBOHX CooOpaxKeHHH OTHOCHTEJIbHO CHCTeMaTHYeCKOTO NMOJOKeHUA HaGwMOLaB- 
WHXCA HM XKMBOTHBIX, OFPaHHYMBIWIMCb YKa3aHMeM, 4YTO OHM ABJIAIOTCA CLLMGU- 
cToMaMH. Bcxkope nocse 3Toro ObuIO MpoBeseHO MpxAMoe HaGwHOJeHHe Hall cTpo- 
Ouauuel Spongicola fistularis u mpocmexeHo oTfeleHve elo 2=up Mey3bI 
Nausithoe (°). B page mocmenyroummx pador (* 7) 6blmM MOLpoOHO U3s10x%KeHbI 
aHaTOMHA 300Ha, MOPPOJIOrHA CkKedleTa, a TAK*Ke CTPOOMMAUNA ClMdonomHNOB, 
oTHocsiuxca K Coronata, IpwueM 3a HHMM MpO4HO yCTaHOBUJIOCb posoBoe 
HasBaHHe Stephanoscyphus. 

OjHako Jo HacToAuero BPeCMeCHH HHKTO M3 MCCeqoBaTeeH He OOpaTu! BHU- 
MaHHH Ha OMHY BeCbMa XapaKTepHYIO OCOOe€HHOCTh CHCTeMaTHKM KOpoOHaT. 
B nacToamee Bpema K Coronata orHocutca cBpiue 30 BUOoB Mu OKoo 10 poxoB 
Mey3, Tora Kak BCe HX NOJHIMbl OObCAMHCHEI B CJMHCTBEHHbIM po, HaCdHTBI- 
Balolllult BCero JIMUIb 8 BuAOB. BeposTHO, HeEKOTOPbIe BUI CLLMMONONMNOB KO- 
poHaT Mocde eTasIbHOrOo H3yYeHHA MX MOPMOOrMu MOryT ObITh pasOuTHI Ha 
HECKOJIbKO CaMOCTOSTeIbHBIX BHZOB. IIpwunHa HecoBmayeHHuA uucla BUJOB U 
POAOB NOIMMOB HM Mefly3 Oba BCKpbITa HAMM pauHee ('°) u 3akKsIOUaeTCA B pas- 
JIM4HOK CKOPOCTH SBOJIIOWMOHHOFO Mpolecca y CHAAWUX HM CBOOOAHONMAaBaIONIMXx 
MeTareHeETHYeCKHX 2KHBOTHHIX. IIpu Takoli HecormacoBaHHOl 2BOIIOWHH CBOOOL- 
HomlaBarollee Mey30HHOe MOKOeHHe AuBeprupyer ropasyo OpicTpee, ueM 
cusuee NoOuMMOUAHOe. 

B'pe3yibTate pepusun pola Stephanoscyphus 6nwio ycraHoBseHO cyuiect- 
BoBaHHe 8 BHOB, OMHAKO COBEPIeHHO HeM3BeCTHO, K KaKOMY M3 POJOB HM BYOB 
Mefys Coronata 9TH nomunbt orHocatca. MUcKmouenue cocrapuiser TombKo Nau- 
sithoe punctata Koll.,— ee nomunom saBasetca Stephanoscyphus mirabilis 
Allm. (syn. Spongicola fistularis Schulze). 

Mopouoruyeckue MpH3HaKH, 10 KOTOPBIM BeseTCA ONpesemeHHe BOB 
Stephanoscyphus, JoBorbHo 6efHEI, HO BMomHe oTueTMuBE. K uucmy 9THx 
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H3HAKOB OTHOCATCH CNOCOOHOCTS OOPas0BbIBaTb KOJIOHHIO, a TaKiKe CTPOeHHe 
eneTa. YuHTbIBAaeTCA CTPyKTYpa NMOBepXHOCTH TeKH, a TaK2Ke HalMuMe MIN 
CyTCTBHe BHYTpeHHUX s3yOuoB. Uncno, dopma, Bemu4unMHa MU pacmoumoxeHHe 
OWO0B MO HacToslero BpeMeHH B pacuer He MpHHUMasNC. 

Ecau cyquTb no mociequeli cBoyKe ("), To pce sk3emmuiappt Stephanoscy- 
us H3 KomMeKuMi SMH AH CCCP ornocatca k Bugy S. simplex Kirkpatrick. 
H3HaKaMM STOO Bula ABJIA€TCA HaJIMYHe BHYTPCHHUX 3yOLOB TeKH M MOp- 


oe at 


Pe 
LM) 


I 


NOG ceca 


st | he 


6’ 


Puc. 1. Crpoenve ckeneTa pa3sMuHbIX BuoB Stephanoscyphus. a’ u a 

u3 APKTHKH, 6, 6’, 6M 6’ —us3 OacceliHa Tuxoro oKeaHa. a, 6, 6 — nenple 

TeKH IIpH MaJIOM yBeIMYeHHH; a’, 6’, e’ — yuacTKH TeK IpH OobIIOM 
yBeIHueHHH 


[MHMCTOCTh ee moBepxHocTu. Ilonumbl OfMHOUHbIC KOJIOHHH He OOpasy1or. 
feacuue Hallero MaTepHasla MOKa3asl0, YTO HeEKOTOPble eral cTrpoeHuA u 
ACHOJOKEHHA 3YOWOB BECbMa MOCTOAHHBI M MOLYT CJLY2KUTb B Ka¥eCTBe YeTKHX 
MpeWeIMTeIbHEIX pHsHakoB. Ham yflasiocb Ha OCHOBaHHM 3THX MpH3HaKOB 
HIeIUTh U3 MpexkHero Bufa S. simplex Krpt. tpu xopowio pasrpannyeHnubie 
40 MopdoulorMu (OpMbI, KOTOPble MOryT MMeTb 3HaYeHHe CaMOCTOATCJIbHDIX 
AM JIOB. 

| TIlpu o6tem BHeliHeM CxOjicTBe TEKH, KaxKJbIli U3 3THX BUOB OOMaaer Xa- 
{aKTePHbIM [WIA HeTO YMCJIOM, BEJMYHHOM M pacmosOxKeHHeM BHYTPHTeCKOBbIX 
fy6uoB. DopM, MepexoHbIX MexKYy BbIeIeCHHbIMH BUaMu, He HaGwOJaocb. 
Ilepppm Buy (pvc. 1, a u a’) uMeeT nomapHoe pacnosoxKenne 3y6uos. B npe- 
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jlemaX KaxkKoH mapbl 3yOibl OMMHAKOBOM BeJIMYMHDI. Pacnpocrpanenne 3TO| 
(bOpMbI OPpaHHYMBaeTcA WeHTPasIbHOH wacTbIO IlonapuHoro Oaccelua. ) 

Y sroporo Buga (puc. 1 6 u 6’) syOubI pacnoso*weHbl rpymlaMu HO * 
B mpesesax Kaxkoli rpynnbl Bce 8yOlbl Take HMeIOT OMMHAKOBYIO BesIM4HH) 

Y tperbero Bua (puc. 1 6 u 6’) 3yOtbl pacnowoweHbl rpynnamMu m0 4, 
B ipeflelax Kako rpynubl oLHa Napa syOU0B 3HayuTeIbHO KpylHee Apyrol 
Q6a noculeqHue Bua OOHApy2xKeHbI Ha OobUIMXx rayOunax Bepuuropa u Oxo 
cKoro Mopeli H B CeBepHow uacrH Tuxoro oKeaHa. 

Unecso BuyoB Mezy3 Coronata dbayHbt CCCP uw ux pacmpocTpaHeHHe Moun 
CTbIO COBMaLaloT C YHCJIOM BUJOB UM pacMpocrpaHeHWeM YKa3aHHbIX BbILIe CI 
cbonosmunos. Jia wextpambHoro IlomapHoro OacceHa M3BeCTHa TOJbKO O]F 
KopoHomeny3a — Atolla tenella Hartlaub. HecomHeHHo, 4TO eH COOTBETCTBY€ 
MepBbI U3 ONMCAaHHbIX BUJOB NOMMMOB. 

Jina Bepunropa u OxoreKoro mMope u ceBepHoH uactu Tuxoro okeaH 
H3BeCTHbI Ba BUJa KopoHomeyy3 — Periphylla hyacinthina Steenstrup Atoll 
wyvillei Haeckel. Mm coorgercrByioT Ba Apyrve Bua ClMponoMNOB. Onuak' 
B HACTOAULCe BPEMA He MpefcTaBJIAeTCA BO3MO2KHBIM PellIMTb, KaKOM U3 BUJO 
MOJIMMOB Kakol Melky3e cooTBetcTByeT. O6a Bua NOMNOB uM OOa BHa Mey 
UMeIOT OOMMNe apealbl Hu OOuTaIOT Ha OobUIMX riyOuHax. BecbMa xapa# 
TepHO, 4TO MU OGe STH Mey3bI H OOa MOWHMa OTCYTCTBYIOT B SIMOHCKOM MOPE 
STo ellle pas MOATBep»xaeT, UTO YKa3aHHble CUMONOMMNbI ABIAIOTCA MOY 
MOMMHbIM MOKOJIGHHeM HM€HHO 3THX JBYX BHJOB KOpOHar. 

B HactostleH paOoTe HH OJHOMY H3 BbIJeJICHHbIX 3],eCb BUJOB CLMONOMMNO 
YMbBIINJICHHO He JlaeTcad HasBaHHa. Tlonun us ApKTHKH JOJIKeH Ha3bIBaTbcA TI 
cooTBeTcTBy1olleH emy Mmefy3se —Atolla tenella Hartl. Tlomump: u3 mope 
Tlanbuero BoctoKa noslyuaT CBOH Ha3BaHUA Mocwe yCTaHOBJIeHHA UX MpHHal 
JIEXKHOCTH K Mesly3aM. 

Hajlo novlaraTb, 4TO JeTabHoe usy4eHve Mopdosoruu Apyrux BUOB Ste 
phanoscyphus TakxKe NO3BOJIMT BbIJeIMTb HOBbIe BUAb, H Tora YHCO BuO 
NOJIMMOB Oy eT TOUHEE COOTBETCTBOBATb UHCJIY BHOB Mefy3. M3yuenne apeao 
HM BepTHKa/IbHOrO paciipeseseHHA NOJMNOB H Mey3 MOMOMKeT NpelBapuTebH 
nosoOpaTb BUOBbIe Mapbl MeAy3 HU MOHNOB. OHakO OKOHYATEJIbHOe pellleHu 
O B3aAMMHOM MpMHaexKHOCTH OCOOeH PasHbIX NOKOJIe€HHM K OJHOMY BUY y Ke 
poHaT OyfleT 3aBHCeTb IPeHMYWIeCTBEHHO OT NPAMBIX HaOMIOeHHH 3a UX KU: 
HeHHbIM ILHKJIOM. 


SooulorHueckHit HMHCTHTYT Tloctynuuio 
Axayemuu Hayk CCCP 24 II 1959 
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MOP@OJIOL HA 


E. A. KJIEBAHOBA 


| BOSMOKKHOCTH YBEJIMYEHWA YHACJIA BOJIOKOH B CKEJIETHOM 
MBILIMWE MPH EE PABOUEH FHNEPTPOOMH 


(IT pedcmaeaeno axademuxom E: I]. THaeacecxum 9 II 1959) 
Jo HacToslero BpeMeHU OCTaeTCA HeEACHbIM, UMeeT JIM MeCTO Ip paboueli 
MepTPOMHM MbILIIbI HapsAy C YKPyMHeHHeM OTJEJIbHbIX MbBIIICUHbIX BOJOKOH 
eJIMUeCHHe UX KOHUECTBA. 
 Wcxoqa u3 coBpeMeHHBIX pecTaBJleHHii O MHOTeHese, BO3MOXKHOCTb MOAB- 
HUA HOBbIX BOJIOKOH B NOCTIMOPHOHAJIbHOM NepHosle He MOET ObITb NOJIHO- 
10 HCKJNOUeHAa, pee BCero, MOTOMY, YTO Ha MpoTAxXeHHH HEKOTOPOTO Bpe- 
HM MW MOCIe POXAMeHHA, B MbIIUMe COXPaHAIOTCA MHOOACTHYeCKHe IJICMEHTHI, 
OCOOHBI€ ABHTbCH HCTOUHHKOM JIA OOpa3s0BaHHA MbIINeUHbIX BOJOKOH (1). 
Hekoropble HccleqOBaTeH MoaraioT, YTO MaTepHaJbl JIA HOBOOOpa3soBa- 
|isl MBILUCUHBIX BOJIOKOH MMEIOTCA B MBILLMe B TeYeHHe BCel 2KH3HH X2UBOTHOLO, 
K Kak (PH3MOJOrHMuecKan pereHepalluA MbIWeYHOH TKaHH OCYIeCTBAeTCA 
-HOPMAJIbHBIX YCJIOBHAX %KM3HEMeATebHOCTH Mb (’). II]pomeccnr mepe- 
POHKH B MbIUMe NPUBOAAT K KONeOAHHAM B UNCC BOJIOKOH axe Y B3pOCJIbIXx 
WMBOTHBIX, OCOOCHHO 2KE APKO BbICTYMaIOT OHH pH H38MeHeHHH (byHKIMH 
pum (%, °). 
Jia HemocpeCTBeHHOTO paspellieHHA NocTaBeHHOrO Bonpoca Mopnypro 
>) y ABYX B3pocJbIX CoOak yaa C OLHO cropoHbI mM. sartorius, mocje yero 
(OaKH NlOJBeprasIMCb TPeHHPOBKe B TpeTOaHe B TeyeHHe 2 MeC., 3aTEM IIPOH3BO- 
{0Cb YaJleHHe TOM 2Ke MbILWIUbI Ha Apyrok cropoue. CpaBHUTe/IbHbIM MOAcueT 
»oIUCUHBIX BOJIOKOH He BbIABHJI YBeJIMUCHHA MX KOJIMUeCTBa, TaK *Ke Kak UH 
puMuecTBa MHOduOpHsel HM MbILeUHBIX sep. 
| B ananoruunom skcnepuMente SuOepr ("') Ha 2—4-MecauHbIX WleHKax OOHA- 
KW HeOOMbIWOe yBeNMUeHHe YCa MbIMeUHBIX BONOKOH. ABTop cunTaeT, 
¢O OHO HaxOfMTCA B Npesesax OWMOKH H38MepeHHii. 
_ Wupie pesyabrarpt 6pwiu mowyyenpt Ulurkoppm (1) Ha Kppicax. Iloce pe- 
tKUMH OOenxX TroJOBOK Mm. gastrocnemius runepTpodupoBalMcb UX CHHeprHu- 
ibl —mm. plantaris u soleus. Puneprpodusa compoBoxalach pasMHoxkeHNeM 
SIIMeCYHbIX BOJIOKOH, IyTeM UX pacienieHHs. Y BesIMYeHHe oT BOJIOKOH 
im. plantaris Ha Broppie cyrKu ocTurasio 17%, a uepes 4 Mec. 42% 
Buyuk (1°) B ompirax mo yipaxHeHH0 B Oere B TpeTOaHe B3POCIIBIX KOlek 
APAY C H3MCHEHHeEM CTPYKTYPbI OCHOBHIX KOMIIOHEHTOB MbILICYHbIX BOJIOKOH 
aOOala UX MposombHoe pacitenseHne. [loqcueta BosOKOH aBTOp He Mpo- 
(fae 
SToT BOTpoc Obl MpoaHalM3HpOBaH HAMM MeTOJOM HOfCueTa BOJIOKOH B 
*noBHsIXx XpOHMuecKoro akcnepHMeHta Ha 10 meHKax OMHOrO MoMeTa, XKHB- 
MX B OJMHAKOBbIX YCJIOBHAX P@XKUMA WH WUTAHUA. 6 U3 HX B TeyeHHe 8 mec. 
ICTeMaTHYECKH eXKeHEBHO YIPaxKHAJHCb B CKOPOCTHOM Oere Ha TpeTOaHe, 
iTaJibHble 4 CJLyXKWJIH KOHTPOJIeM. 
| Onpir HaunHascsa c 2-mecauHoro Bo3pacta. CKOpOCcTb HM WWIMTeIbHOCTh YNpark- 
HHH MOCTeMeHHO YBeIHUHBaIMCh, cTaOusM3supyacb K 4 Mec. Jo 15 nH. B 
‘Hb, IpH cpeque cKopoctu 10 km B yac. 
Jina nmoscueta 6puia B3ATa mM. sartorius, HMelollaA Napa ed bHOe pacnowo- 
Hue BOJIOKOH. B Halliem ombire aOcosIOTHbIM Bec MOPTHAXKHOM MbIIIMbI TPeHH- 
DBaHHBIX MIpeBbllllal TaKOBOH KOHTPOJIbHEIX Ha 42,8%; mpeoOlayaHne OTHO- 
fee ere Beca Toro »%Ke MycKysla coctaBasio 11,1%. 
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Tucromoruyeckue mpelapaThl, H3POTOB/eHHble M3 CpesHeH YacTH MYyCKYJ 
(omepe4Ho Yepes BCIO MBILUIY), MpoelMpoBalHcb HM 3aPHCOBbIBaJIHCb Wd. 
HouyyeHuA TOMOrpaduyeckoH KapTbl MbILIILHI, oToOpaxkalolleh ee BHYTPeCHHIO! 


CTPYKTYPY- 


Ta6Oaun 


aot 


Uncno BOMOKOH B Im. Sartorius TPeHHPOBaHHbIX H 


KOHTPOJIBHBIX COOaK 


O6uree unCIO BO- 


pesaseei aes JIOKOH Ha Tone- OcHoBHple tke Se 
ee pugitteat as mapaMerpbl Crptomenty 
| 

TpeHupOBaHHBlie KHBOTHBIE 

HouKxa 29 959 M—286 623 

Maapiit 31 029 

Illapux 25 134 o—2158 

3Be30uKa 26 214 m—881 

PppkKa 29 317 

Kyaka 30 095 0,82 
KoHTpOATbHBIe KHBOTHEIEe 

JI bic 32 128 

Bo6uK 33 490 M—230 647 

Puta 32 806 o—3769 

Maupiuka 24165 m—1884 


Tloqcuer MbIIJIeYHbIX BOJIOKOH MpOH3BOAHJICH WO MHUKPpOCcKOHO! 


(ox. 7, 06. 40) no my4KaM 
B ra6n. 1 mpesqcTaBseHt 
NOJYYeHHbIe JAHHbIe O TOTAJIE 
HOM ¥HCIe BOJIOKOH Ha Mone 
Ppe4YHOM CeYeCHHH MbILLUIIBI. 
CpemHee YHCJIO MbILUeUHBI 
BOJIOKOH Y KOHTPOJIbHbIX coOa 
30647, y TpeHupoBaHHbIx 28622 
BapuaOuJIbHocTb pxya Al 
KOHTPOJIbHOH [PYyMMbl OBOE 
Ho BemuKa (12,5%), Wa TpeHH 
pOBaHHOH OHA 3HaU4HTeIbH 
MeHbiue (7,0%). 
MnaupufyalbHpe Koeda 
HMA B UMCJIe MbILUeUHbIX BC 
JIOKOH HaXOMATCA B HEKOTOPO! 
CBA3SH C OOWIMMH pa3MepaM 
2KMBOTHOYPO H BeECOM €FO MbILILI[b 
Jia OWeHKH BepOATHOCT! 
pa3sIM4HA MeKAY YHCJIOM BOI 
KOH B rpymne TpeHHpOBaHHbl 
MW KOHTPOJIbHBIX MbILUM ObL 


MIpHMeHeH cnoco6 CrpiojseHTa, NpeHa3HaveHHbI [WIA MaJloro YMCA Cyuaer 
BeposxTHocTb pa3HocTeH OKa3aJiacb paBHol 0,82, uTo CBHJeTeIbCTBYeT | 
TOM, YTO TpenouoxeHHe O HaJIMYHH CHCTeEMaTHYeCKOFO OTKJIOHEHHA B UHCI 
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BOJIOKOH HM€eT 3HaYHTeEJIbHO OoJIbLLy10 Be€POATHOCTb 


Puc. 4 


Hue 06 ero orcytctBun (0,18). 
[Ipupegenuple Ha puc. 1 a KpuBie, 
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J-d 
Mopadok nyvkoG ——~ 


ti (5-0 


(0,82), vem npegnostoxe 


yKa3bIBaiollue Ha pacipesesenue Mb 
INCHHBIX BOJIOKOH B IY4KM Y TPpeHHPOBAHHBIX H KOHTPOJIbHbIX COOaK, B oouyel 


DTHMHbI. OAHAKO B MX KOJIMYECTBEHHBIX MOKaSaTeNAX BHIAB/IAIOTCH OMpelle- 
ple pasimuua. B TpenupoBaHHoH Mpuuile (/), 10 CpaBHeHuIO C KOHTPOUIb- 
(2), KommuecTBo Ny¥KOB C MaJIbIM M CpeHUM UNCIOM BOJIOKOH CHUXKeHO, 
BeEJIMYEHO KOJIMYECTBO NYYKOB C OOJIbIIMM YHCJIOM BOJIOKOH. YMeHbIeHHe 
#iKOB B TPCHHPOBaHHOM MbBIllllle MpocexKMBaeTCA MOUTH Ha BCeX MyyuKax, 
roux oT 1—l0 yo 70—80 BonoKoH Tak xe KaK yBemHUeHHe KonMUeCTBAa 
{KOB — JWIA OOJIbIIMHCTBa Ty4KoB, coxepxamux 80—90 u Gomee BOOKOH. 
(eCTBHe STOrO OGe KpHBbIe MepeKpelMBaOTCA Ha YPOBHe, COOTBETCTBYIO- 
ik myyKaM, cocTroxujumM u3 75—80 BosOKOH. 
PHBeWeHHEIC LaHHbIe MOKa3bIBalOT, YTO NO BIMAHHeEM TPeHMPOBKU Ipo- 
JIO OTHOCHTEIbHOe Mepepacnipesesene BOJOKOH B Ily4Kax, KoTOpoe NpH- 
K CHH2K€HHIO B MBIIIIIIe 
a IY4KOB C HeOOJIbIUMM U 


a HUM KOJIMUeCTBOM BOJIOKOH Pacnpejesenne NYYKOB pasiMunoTo Nopsyka B 
IBEIMYCHHIO UNCa TyYKOB, m. sartorius y TpeHHpOBaHHEIX HM KOHTPOJbHBIX COOaK 


TaOauna 2 


ppxallux OobWloe KoHUe- Nlopagox nyuKos 
BOJIOKOH. i 
a 9TOM Ke MaTepHayie OKa- 1-4 2-H | SH Ati | 5-tt | 6-i1 areas 


(0Cb BO3MOXKHBIM paccMoT- ____! | 
i BONpoc, KOTOPpOMy MocBsA- 
4a padota H. A. Bogpo- 
t"") (u3 Halleli a6opaTopun) 16,2* 
KM3MeHEHHH NOM BIMAHHeEM 92,5 
J€HHOW JCATeJIbHOCTH KOM- 
{OBKH I[Y4YKOB B MyYyCKyule. 
AnaM3upysA MoculeqoBatemb- 17,5 | 54,0 | 108,0|470,0 |708,0| 40,7 |956,0 
rpynnupoBKy MyYKOB OT 
hee KPYyMHbIX K MeJIKHM B * Hag yepTOH aOcouOTHOe UuCIO MyykKoB, no, 
ssartorius, ylaerca BbIJeIHTb ch OE ea K WHCJTY NYYKOB y KOHTPOJIb 
WKH lo 5—6-ro nopsyKa. 
|Pacnpeyzenenve My4KOB pa3HBIX NOPAAKOB B TPCHHPOBAHHOM UM KOHTPOUIb- 
| MBIWNe OOHAPy2KHBaeT BbIPaxKeHHbIe pasmuuuA. Ect MpHHATb KoMMYe- 
WyYKOB KaxkJoro NOpsyKa B KOHTpObHOH MpIuWe 3a 100, To oKa3bI- 
CA, UTO Y TPeCHHPOBaHHbIX UHCIO KPyMHbIX My4KoB (l-ro uw 2-ro nopsyKa) 
WKOIbKO MeHbule (92,5 u 96,3%), “HCO %e CpeqHUX My4KOB yBesM4eHO 
b,7%); wicuIO MeIKHX MyYKOB 3aMeTHO CHM2KaeTCA TO Mepe H3MeJIbYeHHA 
IKa, a HMeHHO B 4-M MopsyKe ux 97,8%, B 5-m 78,5% u B 6-m 17% no cpaB- 
[MIO C KOHTPOJieM. 
O6urlee KOMYeCTBO CaMbIX MaJIbIX KOHC4UHBIX IYYKOB B MbIlllle TPeHHPOBaH- 
x co6ak Ha 8—9% Menbllle, YeM COOAK KOHTPOVJIbHbIX. 
|Pe3yaprTaTbl, MOJy4eHHbIe KaK MIpH Mofscuere YHCa BOOKOH B My4Kax, 
Ii MW pH aHaMse pacipeyeneHua B MbIllIe MyYKOB pa3M4HOrO NopsAyKa 
|. TakxKe puc. | 6), BEIABAAIOT OMMH U TOT 2Ke TIpollecc — yKPyMHeHNe MeMKUX 
MKOB HM CBA3AHHOe C HMM OOUlee ycpeHeHHe Pa3MePOB MbBILICUHbIX IyYKOB. 
MecTBHe YKPyNHeEHUA MyYKOB MaJoro KaMOpa MpOUCXOMMT YMeHbUleHHe 
tua “KOHCUHBIX», T. €. He JeAMMXCA Jaslee, IYYKOB BO BCeH HCCeOBAaHHOW 
Ie: 
Takum o6pa30M, B JaHHOM JJIMTeIbHOM CHCTeMaTH¥eCKOM OMbITe, MpoBe- 
Bons Ha CPpaBHUTeIbHO MOJIOAbIX XKHBOTHBIX B TeYCHHe 3HAYHTebHOTO po- 
HBOTO MlePpHOJa XU3HH, ObWIM CO3MaHbI YCOBUA, MPH KOTOPHIX MbIIa Morsa 


i eae IIpOABUTb MpucymMe eli aanTHBHbIe BOSMOXHOCTH. OfHaKO B 
/ 


TpeHHpoBaHHble KUBOTHBEe 


52,5] 114,2! 464,0/556,4 
96,3! 105,7| 98,7] 78,5 


Re 879 ,0 
17,7 | 91,9 


KOHTPOABHHe KUBOTHHE 


WTBETCTBHH C YCHJICHHeM JeATebHOCTH MbIlIa TunepTpodupoBaacb, U3- 
HMIa CBOIO BHYTPeHHIOIO CTPyYKTYPy, HHKaKOFO %Ke YBeIMYeHHA KOJIMUeCTBA 
[MIeUHbIX BOJIOKOH He Mpous0lWI0, HaoOopoT, HaMeyaeTCA Marke HeOoubI0e 
_yMeHbIleHne. ‘ 
YuutTpipan, 4TO B HalleM OMbITe MpOMOJbHbIe PasMepbl TPeHHPOBaHHOM 
Ibi YBeIMYMIMCh B CpeqHem Ha 5,3%, MOXKHO IIpeAMOMOXKUTb, TO BRO: 
pUWIO YKOpOUeHHe AVIMHbI COMpPHKaCaloulMXCA KOHIEBbIX YUACTKOB BOJIOKOH, 
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NOCIE€MOBATeIbHO COCAHHEHHbIX Mey coOoH. B strom cilyyae NpH Moscde 
BOJIOKOH H3 MOMepedYHbIX Cpe3O0B MOFvIO HaGOsMOAaTbCH HEKOTOPOe YMeHbUIeH 
ux oOOulero KOJIMUECTBA. 

Heib3 UCKJIOUNTh TaK2Ke BO3MOXKHOCTH THOe/IH MbILMeCUHbIX BOJIOKOH, H 

OHOKpaTHO HaGvlOJaemoli pxjom aBropos ('’, *°) B yCJOBHAX HOpMaJIbHt 
YKU3HEMCATEIbHOCTH MbILLIbI. 
’. Anaiu3upyA HaluH pacxoxkyenua c fanupimu I[llurkoBa, npuxoxuT 
yuecTb, YTO MOJCueT MbILIeUHbIX BOJOKOH Ham. plantaris, MMetolleH y KpbIC 1 
jlyllepucToe CTpoeHHe, BPA MM ABMAeTCH yAa4HbIM, TAK Kak TIpH runepTpod 
3TOH MbILULLbI, BOSMO2XKHO, Me€HAeCTCA YFOJI MePHCTOCTH, HaKJIOH BOJIOKOH Tj 
UX CeCYeCHHH, a COOTBETCTBEHHO STOMY H MPOCUHTHIBAeMOe YHCO BOJIOKOH | 
TOMepe€wHOM CeYeHHH MbILLLILbI. 

Ha6sroaBuiuecA H3MeHeHHA MyYKOBOrO COCcTaBa MYCKYJIOB B 3HaUHTed 
HOH cTeneHH NolTBepxfaioT AaHHbie H. A. Bogposon. 

OcHOBHBIM IIpOIWeCcCOM 3eCb ABJIACTCH YMeHbIMeHHe KOJMUeCTBa MeJIKI 
KOHeYHBIX MYUKOB, CBA3AHHOe C YaCTHYHbIM WI NOJHbIM CJIMAHMeEM pA 
JlexKalluX WYYKOB MaJioro KamHOpa. WurencuBHaad runepTpodua MbILleuHI 
BOJIOKOH CMOCOGCTBOBaIa HCYC3HOBAHHIO TOHKHX COeCJMHUTeIbHOTKaHHBIX TP 
CJIOCK, CM€ULCHHIO MBIIeYHbIX BOJIOKOH HM MoTepe OOocoOJIeHHOCTH PHCyHKa 
pacnosloxKeHHH COCeHHX MeJIKHX IYUKOB. 

Ilo HalIMM JaHHbIM, YMeHbINeHHe KOJIMUeCTBA Me@JIKHX NYUKOB CONPOBO: 
jlaeTCA Tak2ke YMeHbIJeHHeM OOUerO 4YHCJa MYUYKOB B MBIllllle. 

IIpomece Mopdouwornyeckoro ypaBHHBaHHA OCHOBHBIX CTPyKTyp, YMeHbIL 
HHA HX BapwaOuJIbHOCTH, HaOMIOaeMbIi Ha MbIMWeUHbIX Wy4Kax, Mph ycHuJe 
HOM JI@ATeJIbHOCTH MbIIIIIbI MpOTeKaeT NapaJJIesIbHO C AHAJIOTHUHBIM BbIPaBH 
BaHHe€M Pa3MepOB BOJIOKOH, YTO, OUCBHAHO, ABJIAeCTCA CJICACTBHeM OOJIbIO 
BKJIOUCHHA B AKTHBHYIO J[@ATCJIbHOCTb BCeX OTJIbHbIX CTPYKTYPHBIX SJIEME 
TOB opraHa. 

TlomyueHHble pe3yJIbTaTbI He aloT, KOH€UHO, HHKaKOTO OCHOBaHHA OTP 
WaTb pH ycHJleHHH (PyHKUAH MBILUMbI HOBOOOPas0BaHHe BOJIOKOH, UX lerek 
pallulo MU paculeMleHHe, OHH JIMUIb YKa3bIBalOT Ha TO, YTO YBeJIMUeHHEe MbILle 
HOW Maccbl, OMOOrMYeCKH HeEOOXOAUMOE [WIA BbINOJIHEHHA JONOJIHUTeIbHOU Pp 
OOTHI, He OCYILECTBIAe€TCA 3a CUeT YBeJIHYCHHA UHCIIA BOJIOKOH B MbILILEe. 


SooulornuecKHH MHCTHTYT Tloctynuao 
AxajlemuH HaykK CCCP 29) I9h959 
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Tornayge Akagemun Hnayr CCCP 
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PHSHOJIOLH A 
E. ®. MOJIE)KAEB 


_OCOBEHHOCTH KOPKOBOH KOOPAMHALMHN TPH BHEWIHEM 
TOPMOKKEHMUM 


(I7pedcmaeaeno axademuxom A. H. Baxyaesoim 19 II 1959) 


CoBMecTHOe IIPHMCHEHHe PaspaxkuTeeH, KaxK bi H3 KOTOPbIX UMeeT pas- 
Hoe CHrHaJIbHOe WIM OesyCJIOBHOe 3HaAUeCHHe, BbISbIBAeT BHeLIHee TOPMOXKe- 
~. Ero BO3HHKHOBeHHe onpesesaeTCA AHTATOHHCTHYeCKHM B3aHMOelCTBHeM 
Wik.y PyHKUMOHAaIbHO HECOBMeCTHMbIMH peakItMsiMy (3) 
§ isyuenne anraronucTuyecKoro B3aHMOJeHCTBUA OCOOeCHHO YOOHO Ip CTOUIK- 
§seHuu OOOPpOHHTeIbHOH peakUHu, BbIPaOoTaHHOH no MeTosuKe [lerponas- 
| aa C MHULeBOH peakUWweH, TaK KaK MOXKHO PerHCTPMpoBaTb cneluduye- 
‘€ KOMIIOHeHTLI OOOHX ZTHX pedeKcoB. ConocTaBJleHHe IeKTPO2HWepaso- 
Wimmer (OST) comaTnyueckuX UM BereTaTHBHbIX KOMIOHCHTOB Ha3BaHHBbIX pe- 
#2KCOB MOSBOMAeET MPOCeMUTb, KaK U3MeHACTCA COOTHOMeHHe UX BOSOYLUMO- 
, T. @. H3Y4YHTb CopMMpoBaHHe KOPKOBOH KOopAMHalun. 
i Korga Ha cboHe yCIOBHOH OOOPOHHTeIbHOM peakIMH, BbIsBAaHHOH eHCTBHeM 
i pOHOMa, coOaKe MoKa3biBaeTCA MACO, TO B ee NOBEAECHHH HaGMOaercA BOU- 
@HHOCTb. Ona onyckaeT samy, TAHETCA K MACY, HW MpOWCXoOAUT CIOHOOTIe- 
ame. Ho 3aTem coOaka OTBOpauNBaeTCA OT MACA, CHOBa NOAHUMaeT any, 
[pellua CJIIOHbI Npekpatlaerca. B 9TO BPeMA OTMeUaeTCA HaNPAXKeHHbIM Xa- 
KTep JbIXaTeIbHOrO KOMMOHEHTA: MOBbILLeHHe HHCMUpaTOPHOTO ypoBHA, yya- 
fHHe [[bIXaHHa, TlyOokKHe BAOXH VW BbIOXH. Kpome Toro, HaOoqaeTca yBeun- 
ie BbIPaxKeHHOCTH OPHeHTMpOBOUHOrO petbeKca. CoOaka HalpAXKeHHO BCIy- 
(BaeTCA H BCMaTPMBaeTcaA NOMepeMeHHO TO B CTOPOHY OMHOFO, TO B CTOpoHy 
yroro pasipaxnresaA. Bo BpeMa JeHcTBHA OJHOrO MeTPOHOMA B cTaqMu yIpo- 
IMA YCOBHOH peaklun B SOT Habmroyaacb CHHXPOHM3AllMA, T. €. Koue0a- 
f| OTHOCHTebHO HeOONbWOM YaACTOTHI HM 3HauMTebHOli AMIIMTY [UBT Kora 
K HeMy MpuHcoequHAIocb WeHcTBHe MACa HW MMella MeCTO JBOMCTBEHHOCTH B 
BeeHHH coOakH, TO B SOL oTMevasach JeCHHXPOHH3allMa, T. €. OTHOCHTEJIb- 
| uacTble KomeOaHuaA HeOoMbWOw amnuiutTy{bl. II]pu mepBom coBMecTHOM IIpH- 
Henn pasipaxutTeneH Oblwio WaHO MoAKpemienve S/IeKTPpHYeCKHM TOKOM. 
-BpeMA BTOporo, TpeTbero H T. J. TaKOrO %Ke UX MPHMeHeHHA H3MeHeHUA 
Or M [bIXaHMM MO-MpexKHEMY BbIABJIAIOTCA, HO COOaKa pexke WIM COBCeM He 
MeTCA K MACY My Hee MpeuMyllecTBeHHO JOMMHMPyeT OOOPOHUTEIbHaA peak- 
H, WCKOUaIOUad BOSMOXKHOCTh paskpaxKeHUA  SJICKTPHYCCKHM —TOKOM. 
|HaHHOM culyuae OPHeHTHPOBOUHbI pepleKC 3HaYHTeIbHOM BbIpayKeHHOCTH 
paBJIeH TOJIbKO B CTOPOHY CHrHaJioB OOOPpOHUTeIbHOrO 3HaveHNA (puc. | A). 
| ee HeECKOJIbKUX OMBITHBIX HEH BOSHHKaeT ApyranA cTaqua, Kora mWoKka3 
a yKe He BBISbIBaeT H3MeCHEHH B COMATHUCCKHX M BereTaTHBHbIX KOMIIO- 
TaX OOOPOHMTebHOK peakuuMH. OpvexTupoBouHblli pebeKc coxpaHsertcs, 
| ero BbIpaxkeHHOCTh 3HauMTeIbHO yMeHbllaeTca. B stoli cragquu SOL ue us3- 
HAeTCA WIM CTeMeHb CMHXPOHM3allMH HeCKOJIbKO yBeNMUMBAeTCA (puc. 1 B). 
Obl BbIACHHTb, Kakoe 3Ha¥eHve MpHoOpes MMUWeBON paspaxkuTelb ocse 
TeJIbHOFO COBMeCTHOrO IIPpHMeHeHHA C OOOPOHHTeJIbHbIM CHTHAJIOM, MsACO 
Ka3bIBaJlOCb OTI@IbHO 6€3 BKsJIOUeHUA MeTpoHoOMa. CoOaka pearuMpoBasia Ha 
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MsCO, KaK Ha Oo/leBOH CHrHaJl: y Hee Cpa3y *Ke BOSHHKJa OOOpoHUTe/IbHaA pe 
una. B sTHx onbirax, Mmpexye 4YeM NOCeLHAA CTalla yNPOUeHHOH peakilMi 
HaGsOJlaIuCb Te 2%Ke XapakTepHble CTalHH, 4YTO HM pM PopMupoBaHHH KOPKOE 
KOOPIHHalWH B YCJOBHAX BHeIMHeErO TOPMOKeHHA. 

Mb usyuasI aHTaPOHMCTHYeCKOe B3aHMOJeHCTBHE MexKLy PasMYHbIMH C) 
UHAIbHBIMA peaKUMAMU (MMUeBOH, OOOPOHHTebHOH, MOSHOH, OMOMOrMUeCK 


Puc. J]. Oco6ennoctu S9T u wbixaHHa B CTaquM KoHdpAMKTAa (A) MH CO*KMBIUIeHCA KOOPAMHA! 
(5). Caepxy spxHu3: OOT censomoTopHol o6jacTH, COKpallleHHe KOHCUHOCTH, AbIXaHHe, OTME 
YCNOBHOrO pa3qpaxkuTeix, OTMeTKa BpeMeHH (1 ceK.). CrpemkKol NoKa3aHO AeHCTBHe MSC 


Puc. 2, Oco6eHHOCTH pasuIMUHbIX cTaquii KOpKoOBOH KOOpquHauuH. A — yBenuue- 
HHe BbIPa%KCHHOCTH BereTaTHBHbIX KOMMOHEHTOB (6KC) ,HaIH¥UHOH (x) clelwasb- 
HOt peaKIMH, COMATHYeCKUX (CKO) H PpeleNTOPHbIX (pKo) KOMIOHEHTOB OPHeHTHpO- 
BouHoro (0) pedekca, a TakxKe WeHTPabHOrO BOs6yxXAalollero BIMAHUA (466) 
ToceqHero B CTaquM KonpsUuKTa. 6 — HOpMamM3alWA BCeEX KOMNOHEHTOB B CTa- 
MM cIOXxKNBUMeHCA KOOpAuHaluH. B— oqHoBpeMenHoe yuacTHe Bosb6yxTeHHA (+P) 
M TOPMOXKeHHA (3alITPUXOBaHO) B O6e€HX CTARMAX KOPKOBOl KOOpAMHALLMN pH 
TeHCTBHH PasJIMUHbIX passparxuTeeH. py; U pe — paskpaxuTeIM pa3smM4HOTO 6uO- 
JIOPHYeCKOTO 3HaAYeHHA; HaNlpHMep, MepBblli pasqpaxkuTelb MpekcTaBaser cobor 
OOOpOHHTeAbHLIN CHrHa, a BTOPOH — nuMeBOH CHrHad; Da pasHUHOH cOXx- 
HOCTH YCJOBHBIM pasqpaxkUTelb, KOTOPbIi MpuoOpen ABolicTBeHHOe GuOomOrMyeCc™ 
KOe 3HaYeHHE HW CTAJ OJHOBPeCMeCHHbIM CTHMYJIOM Pa3JIMUHBIX CMECMMaIbHbIX peak- 
WMH; HalpuMep, MMULEBOM CHTHaN, NONKPeMMeHHbIM SMeKTPOKOXKHBIM pas_parxe- 
HHeM; fl — MOTeHUMaIbHad CelMasIbHad PpeakUuA, 9k — 3(PEKTOPHbIe KOMMOHEH- 
Tbl; CKC — COMATHY¥CCKHH KOMMOHEHT HaMUHOH CielualbHo peak; KnH — 
KOPKOBOe MpeACTaBUTeIbCTBO HasIHUHOH peakUHu; Knn — KOpKoBOe MpelcTaBu- 
TeIbCTBO NOTeHUMaNIbHOH peaKiun. LlentpanbHad opraHHsallua HaNM4HOM peak- 
WHM OOBeyeHa KpyroBoli 3aMKHyTO wHHHell. IlyHkTHpHEIMH cTpenKaMH O603Ha- 
UeHbI KOMMOHECHTHI WH BIMAHMA, OTHOCAMMeCA K MOTEHWHabHOM peakUMu, Kora 
OHa CTaHOBHTCA HalHuHOH peaxMeli. HeoqunaKkopad BemwuMHa 3ayepHeHHbIx 
KPyrOB H CTpeJIOK MOKa3bIBacT PasMUHYIO HHTCHCHBHOCTb BOsOyKTeHHA B O6eNX 
cTaquax KoopyMHaluH 


OCTOPOXKHOCTH, PBOTHOH, MOMCKOBOH, cBOOosbI). MN Bo Bcex cilyyanx mocuJeE 
BaT@JIbHOCTb ABJIEHHH WM XapakTep usMeHeHHH BOOT, AhIxanuH UM OPMeHTH 
BOUHOM pedyieKce ObIIM OOUMMM. OTH JaHHbIe MOKa3bIBalOT, YTO BO BPeMA ak 
TOHMCTHYECKOTO B3AMMOJeMCTBUA BOSHMKaeT CTayMa, Kora o6e KOHKypup 
iMe peakUMH UMeIOT B KOPe MOSra BEICOKHH ypoBeHb Bo3s6ygumoctTu. VM, ene 
BaTCJIbHO, TaM OMHOBP€MCHHO MMeIOT MeCTO Be CHCTeMbI BOSOyKJeCHHH, K 
aA U3 KOTOPbIX XapakTepH3yercsA COOCTBeEHHBIM PHTMOM. Orcrojla JBOHCTE 
HOCTb B MOBeeHHM, MeCHHxXpoHMsalua B OST, Hampsxenue BereraTHB} 
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DMIOHEHTOB H YBEJIMYCHHE Bbipa%KeHHOCTH OPHEHTHPOBOUHOrO pedeKca AB- 
AIOTCA MOKa3aTeJAMH KOHIUKTAB KOPKOBOH KOOPJMHAalHH, T. e. Haj0po- 
DBOrO BOSOYKNEHHA HaMMUHOl peaKUMH UM BbICOKOrO YPoBHxA nNofsmoporoBoii 
D30YIHMOCTH NOTeHUMaJIbHOH peaklnn, KOHKYPHPYIOlleH C MepBoki (puc. 2 A). 
|pyrad cTaqua aHTaroHHCTHYeCKOrO B3aHMOJeHCTBUA XapakTepusyerca co- 
PPIeHHO WHIM COOTHOUWIeHHeM BOSOYMMOCTH KOHKYPHpYIOUlMx peak. 
POMKMM XapakTep BO3HHKWel peak, CHHXpoHHsalua BOOT, Hopmamusa- 
[ii BereTaTHBHBIX KOMMOHEHTOB HM YMeCHbINeHHe BbIPaKeHHOCTH OPHeEHTHPOBOU- 

pro pediiekca mpelcTaBAioT COOOH MOKa3aTeH COAKUBUeHCA KOOPAMHAlMH, 
€. HafMoporoBoro BO3s0yxXMeHHA HaJIMUHOH peaKUMH MW 3HauHTebHOrO CHH- 


M WM MepBol uM BTOpOH cTaquH MpelcTaBAtoT Cobol MpOABJIeHHA Kak BO3- 
YIeCHHA, TAK H TOPMOXeHHA, NOTOMY YTO OOe CTaHH KOPKOBOH KOOpAMHAalHH 
CHOBaHbI Ha OJHOBPeCMeHHOM yUaCTHH STHX MpOLeccos. 

Hy2KHO HMeTb B BHJLY, YTO B 3aBHCHMOCTH OT TOPO, KaK CJIOXKUTCA COOTHO- 
leHHe BOSOYJMMOCTH KOHKYPHPYIOUIMX peaKUHH, BHeELIHeEMy TOPMOKeHHIO NOL- 
epraerca WIM HaJIMUHaA, WIM NOTeHWMasIbHad peakunaA. HoBbl pas qpaxkuTeb 
epeqKO 3HaYHTeIbHO YBeIHMYHBaeT NOANOPOroBy!lO BOSOYAMMOCTb NOTCH aJIb- 
OH peakluH. OHako ee BosOyxKeHHe He JOCTHraeT MOporoBol BeJIMUMHBI, 
OSTOMY HaJIM4HaA peakUMA COXpaHAeT 3HaYeHHE JOMMHAHTHI C NOMOLIbIO BHELL- 
efO TOPMOXKeHHA MOTeCHIMAaIbHOH peak, MMeIOLeH BLICOKYIO BO3OYAUMOCTb. 


i 
t 


iio ux KOPKOBaA KOOPJIMHalMA BCe PaBHO MpOXOAMT cTayquH KOHIMKTAa U 
WIOKUBUIeHCA KOOpAMHaluu. UactTo OblBaeT HW Tak, YTO HOBMIN pa3slpaxKuTeJb 
fpasy BbISbIBAeT CelWaJIbHYy!O PeaKWHIO, KOTOPad TOPMOSHT HaJIMUHbIA ped- 
‘exc. B ompeyevieHHbIX CJlyuadtxX BO3HHKHOBeHHe# HOBO peakUWMH XapakTepu- 
yyeTcd OOeCHMH CTaNHAMH KOPKOBOH KOOPAMHAWMH, HO HepeAKO mocueqHAA 
FKNabIBaeTCA CPOUHO, MMHYA cTamuio KoHdmuKTa (°). 

OcoOeHHOCTb OMbITOB C BHEWIHHM TOPMOXKeCHHEM COCTONT B TOM, TO wb» e- 
Hoe IIpHMeHeHHe OnoslorMuecku pasIM4EDIX PasipaxkuTeeH BCera MoOAKpen- 
imeTCs. Tak, B HallMX OMbiTax JeHcTBMe NHUWeBOrO H OOOPOHUTEIb HOO pa3ypa- 
KUTeeCH MOLKPelIAIOCb SJIEKTPHYCCKHM TOKOM. ScHO, 4YTO ToceHHH CpOdHO 
| 3HAYMTeEIbHO U3MCHACT COOTHOMeHHe BO3OYAMMOCTH B MOAb3yY OOOPOHUTEIb- 
OH peakUMu, oTUero sTa peaKIMA HeH3OexKHO BCTYNAaeT BO BPCMeHHYIO CBA3b 
} NMULeBIM pas paxKuTeeM. Orcioja, HaYHHaA CO BTOpOro MIpHMeHeHHA, TMOcwIeL- 
uu mpwMoOperaer BOlicTBeHHoe OnOJIorMuecKOe 3HaYeHHe UM CTaHOBHTCA 
DQHOBpeMeHHEIM CTHMYJIOM MHUeBOH Hu OOOpoHUTeNbHOH peakuuH. Tor 
HbakT, YTO B JaJIbHeMWIMX ONbITaX IIpHMeHeHHe OAHOFO NMUWeBOrO pas{paxKUTeslA 
BbISbIBAeT OOOPOHHTeIbHYIO PeaKIWMIO, MCKJOUAIOWLY!IO BO3MOKHOCTh JeMCTBUA 
BIIEKTPHYeCKOTO TOKAa, H Mp YTOM OTMeyaIOTCA CTAaQMM KOH@JIMKTAa M CJOXKUB- 
melicA KOOpAMHalNH, NOATBepxKaeT MpaBHJIbHOCTb Halllero aHawusa (puc. 2). 
O xe CaMoe HMeeT MeCTO H Mp OObMHOM BEIPAadoTKe YCJOBHBIX pecbleK- 
pop @): Hampumep, «HHAudppepeHTHbIH» pasipaxkuTeb, BbISBaBLUIHH PeaKIH1o 
/SuomorMyeckoli OCTOPOXKHOCTH H NOAKPeMJIeHHbIM MMUel, Takxe mpHoOperaer 
{BOHCTBEHHOe 3HaueHve. OH CTaHOBHTCA OMHOBPEMCHHbIM CTHMYJIOM pedlekca 
[SHOMOrHYeCKOH OCTOPOXKHOCTH HW MMUWeBON peakUMH, a UX KOPKOBast KOOpAM- 
allMA MpOXOMUT cTaquH KOHPAUNKTA HU CNORUBUeHCA KOOpAMHAaNH (puc. 2). 

Mb mpefcTaBuIM JaHHble, CBMJeTeIbCTBY!OlMe 06 OOMIHOCTH MeXaHH3Ma 
HeIUHerO TOPMOXKeHUA HU yCMOBHOrO pepleKca (°).. Bo BpeMaA Bbipa6oTKH pe- 


KOMOHHAIMA CO CTHMYJIOM [pyro peakWMH HWMeIOT nBolicTBenHoe 3Haue- 
Me, UTO ONpefemAeT AHTOPOHUCTHYeECKOe B3aMMOselicTBe MexKAy pas/IMUHbIMU 
HpedbwiekcaMu. CTaBHTCA JIM 9KCIePHMeHT JIA NOJyYeHHA BHELIHeErO TOPMOXKeHHA 
aa BbIPAGOTKH MOJOXKUTeMbHOTO MW OTPHUAaTebHOrO ycOBHOrO pecieKca — 
HBO BC€X CJIyYaHX OLHOBPeMCHHO BOSHUKAIOT JIM BbIpPaOaTHIBAaIOTCA OOa KOPKOBBIX 
\ABJICHUA: HM KOPKOBOe TOPMOxKeHHe M HOBax BpeMeHHasd CBASb. C OMHOM CTO- 
\POHbI, MPOHCXOAUT BHeIlIHee TOPMOxKeHHe OLHOTO M3 BSaMMOMeHCTBYIOWUX pe- 
ibleKcOB, a C pyro — oOpa3yeTcaA BpeMeHHaA CBAS8b Pa3skpaxXUTeA 3aTOPMO- 


Sill 


*KeHHOrO petbleKcCa CO BTOPbIM petpeKCOM, KOTOPbI Oka3aJ1 TOPMOSHIIe 
BIMAHHe Ha TepBbiit peiekc. Ha Halll B3rIA, YCOBHBIM pedekc HM KOPKOBC 
(BHeINHee HM BHYTpeHHee) TOPMOxKeHHe MpescTaBsA10T coool OT/eNbHbIe CTOPOH 
oJHOrO MW TOPO %Ke ABJICHHA, B OCHOBeE KOTOPOTO JIe%KUT CMHbIH NO CBOCMY Mé 
XaHH3My KOPKOBbIi aKT, OJHOBPeMeHHO BKJOYAaIONIMH BOsOy2KeHHe OHO 
peaKUMM HW TOPMO*KeHHe pyro peaklWHu, KOHKYPUpyloulei c MepBOH (puc. 2 B 
@Muv3zuoJOrnyecKHt CMBIC YTOFO aKTa 3aKIOUaeTCA B KOPKOBOH KOOP Haury 
KoTOpas (bopMupyeTcA Mo 3aKOHY JOMHMHAHTHI HW MpOXOMMT cTaqMu KOHJIMKT 
Mw cwIOKMBWelcH Kooptunaunu (*, 1, °). Sampikanwve OCYLIeCTBIAeTCA 
eJMHCTBe C KOPKOBOM KOOpAUHAWWeH M HMeeT MeCTO KaxKbI pas, Kora BcMeL 
cTBHe TOM WIM MHOM HOBH3HbI B MPHBbIMHbIX YCJIOBMAX OMbITa B KOPe MOST, 
HapyllaeTcA YCTaHOBMBUIeecA COOTHOWIeHHe BOSOYMMOCTH MexKAy PyHKUAG 
HaJIbHO HeCOBMeCTHMBbIMH peakunamu. IIpH o6ulHocTH OM xKalilero MPUSHOUIC 
rHuecKOrO Me€XaHH3Ma YCJIOBHbI pediekc (BCerya BKJIOUAaIOWIHH KOPKOBO 
TOPMOXKeHHe) M KOPKOBOe TOpMoxeHHe (BCerga BKMOUAaIOMee YCIOBHBIM pe 
(blekc) HMeroT pasMuNA. OuM onpedemAioTCA OCOOeHHOCTAMU pasfpaxkuTesen 
TeX CMeMMaIbHbIX PpeaKUMH, KOTOPble MMH BbI8BaHbl, MH CBOJATCA K HeOJMHaKC 
BOM JWIMTeJIbHOCTH cTaqui KOpKoBoH KoopfuHauuH. J pyrumH c0BaMu, OH 
BbISBaHbl Pa3JIMYHAMH B KOHKPeTHBIX YCJIOBHAX HW OOCTAHOBKe OMIbITA. 

Ilo nammm janHpim (°), OpHeHTHPOBOUHbIN pedbieKc ABJIAeTCA BCHOMOra 
TCJIbHbIM KOMIVJICKCOM IeHTPaJIbHO-MepudepHyecKHX MpolleccoB, OOWMM JWI 
Pa3JIHUHBIX CNelMaJIbHbIX peakWul. K stomy OesycoBHOMy pedlekcy OAHOBpe 
Me€HHO KOHBeprupy!OT BO3Oy2XKeCHHA H HaJIMYHOM, H NOTeHWHaJIbHBIX peakUMH 
OjtHako ero WeHTpaJibHoe BO3Oy*Kalolllee BJIMAHMe HallpaBJIeHO Ha KOPKOBO 
IipeACTaBHTeIbCTBO TOJbKO TOH CMelMaibHOH peaKUMu, KOTOpaH MMeeT Hav 
6oubIIMH ypoBeHb Bo36yqumocTu (puc. 2 A, 5B). Tem caMbim OpHeHTHpOBOY 
HbIM pedslekc ycKopseT (POpMHpoBaHve KOPKOBOH KoopAMHaunH. Korya noxno 
poroBax BO3OyIMMOCTb KOHKYpHpylolleH peakWMH NOBbIWAeTCA, TO Ha COOT 
BeTCTBYIOMLYIO BEIMYMHY BoOspacTaeT MH WeHTpaJibHOe BOsOyxKatollee BJIMAHM 
OpHeHTHpoOBOUHOrO pediekca, HallpaBJIeHHOe B CTOPOHY HavOoubillero «ouara 
BosOyxeHHa. Kpome Toro, BbIpPayxKeHHOCTh COMATHUeCCKHX KOMMOHEHTOB 3TOP 
pedlekca HM Bo3OyJuUMOCTb pellenTopoB cTaHoBATcA Oosbie (7, 7-4). Toca 
CHWXKCHHA MOANOPpOroBok BOsOyAHMOCTH KOHKYPpHpyrollleH peakKIMH YyKasak 
Hbl€e H3MCHCHHA TaK?Ke COOTBETCTBCHHO YMEHbIUaIOTCA. . 

MurencuBHoe BosOyxKeHHe O6€MX KOHKYPUPYIOUIMX PeakUMi, KOHANKI 
Had TIpHpola TOPMOXeHHA, HalipsyKeHHe OPHEHTUPOBOUHOrO pedieKca U MOOK 
JIM3alMA efO WeHTPabHOrO BJIMAHHA TpeOylOT COOTBeTCTBYIOWero 2HEprery 
yeckoro odecneyenus. [lostomy B cTrayqun KOHUKTa HaOsmMIOMaeTCA HalpaAxKeHy 
BereTaTHBHBIX KOMMOHeHTOB. Ilocme cHHxKeHHA BO30yYAMMOCTH KOHKYPpY 
pyrlolleH peakI[MM TOT Ke CaMbIM AKT OCYLIECTBIAeETCA B YCIOBHAX HOPMaJP 
3allMH BereTaTHBHbIX KOMMOHeEHTOB, TaK KaK B CTaMH CJIO%KUBIWeHCA KOOPAH 


Halluu noTpeOHocTH B 9HeEPpreTHuYeCKOM oOecneuveHHH COOTBETCTBeEHHO YMeCHE 
IlatoTcA 


LlentpambHblii MHCTHTYT Tloctynuso 
YCOBEPINeCHCTBOBaHHA Bpauelt 5 I 1959 
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